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‘Notice to all Active Members 
of Member Associations 


Your prompt payment of 1954 dues 
will avoid interruption in receipt of 
SEWAGE AND INDUSTRIAL WASTES 
as well as other Federation services. 
Undue delay may make it impossible for 
a complete volume of the JOURNAL to 
be furnished. 


Please remit directly to your Mem- 
ber Association Secretary immediately 
upon receipt of the first dues notice 


from him. 
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SEWA 


CATALYTIC 
REDUCTION 
PROCESS 


The Catalytic Reduction Process is o 
the Catalytic Reduction Company, 
a subsidiary of the Chicago Pump Company. 


GE AND INDUSTRIAL WASTES 


Exclusively through the 
Catalytic Reduction Process” 


The Catalytic Reduction Process completes biological sludge 
digestion in one-third to one-fourth of digester volume gen- 
erally required. The Process accomplishes this by digesting 
at solids loading rates three to four times those being prac- 
ticed. This accelerated digestion i 


s simple and economical, 


using only the natural products of anaerobic decomposition. 


Originating in 1946, the Process was developed, tested and 
verified over six years on both laboratory and pilot plant 
seale. The results obtained in the pilot plant operation have 
been proven in full scale plant operation at the Columbus, 
Ohio Sewage Treatment Works in 1952 and 1953. 


The Catalytic Reduction Process applied to one 70’ tank at 
the Columbus Plant digested 3.38 times the quantity of sludge 
solids digested in a similar tank in parallel operation not using 
the Process. The tank operated under the Process produced 


a reduction of solids within established ranges. normal gas 
production and readily driable odorless sludge. 


The Catalytic Reduction Process is now available for consid- 
eration by consulting engineers for application on plants under 
design and for plants requiring expansion. The Process when 
applied to overloaded digesters will provide sufficient capacity 
without additional tanks. 


*The only proven Process for accelerating biological 
digestion. (Patents applied for.) 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


622 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 


ffered through 


Plush Kleen, Sere Peller. Plunger 
Herisontal and Vertice! Non Clogs 
Pumping Unis Semplers 


Swing Dittusers, Stenenery Dathusers, 


Mechanical Aerators 
Wom Aerator Claritiers, Comminetore. 


‘ 
4l3a 
: 
: 
Bites 
wh 
Tg 
: 
: 
: 
: 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


DIRECTORS 


Alabama: J. C. CrarKe (1954) 
Arizona: Le1cH O. GARDNER (1955) 
Arkansas: GLEN T. KELLOGG (1955) 
California: F. G. NELSON (1956) 
Canada: Nicot MacNicor (1955) 
Central States: W. D. HatFieLp (1954) 
Dakota: R. J. Stapr (1955) 
Federal: L. B. Dworsky (1956) 
Florida: J. E. Kiker, Jr. (1956) 
Georgia: C. E. DrRuMMOND (1956) 
PRESIDENT Germany: F. Sterp (1956) 
dis Seen t. San. Eng. (Eng.): W. F. Brown (1956) 
LOUIS J. FONTENELLI w. Pur. (Eng.): W. F. FREEBORN (1956) 
Supervising Engineer we . S. Smitu (1956) 
>. av Valley .eting s: G. E. Mau (1954) 
Rahway Valley Joint Meeting Kentucky-Tennessee: F. W. KitTRELt (1955) 
Garwood, New Jersey Louisiana: J. J. HoLtGREVE (1955) 
Maryland-Delaware: W. M. Binciey (1954) 
VICE-PRESIDENT Michigan: Crype L. Parmer (1955) 
Missouri: W. G. Rippie (1954) 
Davip B. LEE Montana: H. Owen (1956) 
State Board of Health ebraska: (1985) 
> gia . Brown, Jr. (1954) 
P.O. Box “10 y: Henry VAN Der Vuiret (1954) 
Jacksonville, Fla. Vew } W. H. Larkin (1954) 
North Carolina: P. D. Davis (1955) 
TREASURER Oklahoma: C. E. Moutrey (1956) 
W. W. DEBERARD Pacific Northwest: E. C. Jensen (1956) 
lonnty Co Saat lata ylvania: Howarp T. REUNING (1955) 
402 City Hall Rocky Mountain: C. G. Catpweti (1954) 
Chicago 2, Illinois South Carolina: T. E. RoBertson, Jr. (1955) 
Sweden: Nits WESTBERG (1956) 
Switzerland: Epuarp HOLINGER (1955) 
EXECUTIVE SECRETARY-EDITOR Texas: E. W. STEEL (1954) 
W. H. WISELY Virginia: B. L. STROTHER (1956) 
West Virginia: R. F. ROCHELEAUX (1956) 
At Large: R. G. TyLer (1954) 
At Large: Kerwin L. Mick (1955) 
At Large: V. MacKENzie (1956) 
Is _ . and S. Wks. Mfers.: R. S. RANKIN (1954) 
and S. Wks. Migrs.: Harry E. ScHLENz (1955) 
F. W. MoHLMAN "and S. Wks. Mfgrs.: W. A. HARDENBERGH (1956) 
iree ‘ te Ex-Officio: E. SHERMAN CHASE 
Director of Laboratories M. M. Coun 
The Sanitary District of Chicago Ex-Officio: H. W. STREETER 
910 S. Michigan Ave. ex-Oficio: F. W. GILcrEas 
*hics Ex-Officio: H. HEUKELEKIAN 
Chicago, Illinois Ex-Officio: W. J. OrncHARD 


325 Illinois Building 
Champaign, Illinois 


SEWAGE AND INDUSTRIAL WASTES 


REG. U. S. PAT. OFF. 


A monthly Journal devoted to the advancement of fundamental and practical knowledge concerning the nature, 
collection, treatment and disposal of sewage and industrial wastes, and the design, construction, operation and manage- 
ment of such works 

PUBLICATION OFFICE 
Prince and Lemon Sts., Lancaster, Pa. 
EDITORIAL AND EXECUTIVE OFFICES 

325 Illinois Bldg., Champaign, Ill. Send all manuscripts, advertising copy, subscriptions, address changes, etc. 

to this address 
SUBSCRIPTION RATES 

Members of local sewage works associations affiliated with the Federation, $5.00 per year. 

Non-members: U. S. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom- 
panied by International Money Order.) 

Single copies: United States $1.00 each; Foreign, $1.25 each. 


CLAIMS 
No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address. ‘“‘Missing from files’’ cannot be accepted as the reason for honoring a claim. 


MAILING PERMIT 
Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879 
Accepted for mailing at the special rate of postage provided for in the Act of February 28, 1925, embodied in para- 
graph (d-2), Section 34.40, P. L. & R. of 1948, authorized October 4, 1945. 
REFERENCE SERVICE 
Sewage and Industrial Wastes is indexed regularly by Industrial Arts Index and Engineering Index. 


Microfilm copies of this Journal may be procured from University Microfilms, Ann Arbor, Mich. This service is 
limited to regular subscribers only. 
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SEWAGE AND INDUSTRIAL WASTES 


BUILDERS 


Builders Model VTS4 Short Venturi Tube with continuous 
flushing system for metering solids-bearing liquids. 


Builders offers a unique service to 


oie d industrial te treat t 
CHRONOFLO SYSTEM sewage an industrial waste treatmen 


for electrical transmission of how Plants — the complete line of equipment 
information over any distance. 
Bulletin 230-K24. for metering liquid flows . . . from the 


BUILDERS VTS4 Venturi Tube in the pipe line to the 
SHORT VENTURI TUBE 


Chronoflo metering instrument in the 
accurate, low loss of head, eco- 


nomical. Bulletin 110-K11. control panel. Find out about Builders 
metering “packages”. For Bulletins, write 
BUILDERS CONTINUOUS 

FLUSHING SYSTEM Builders-Providence, Inc., 368 Harris 


eliminates manual cleaning, = Avenue, Providence 1, Rhode Island. 
improves metering efficiency. Bul- 


Jetin 110-G1. 


BUILDERS 


PIONEERS th METERS AND CONTROLS 
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SEWAGE 


Alabama Water and Sewage Assn.* 
Avex O. Taytor, Secretary 
Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asen.* 
M. V. Extis, Sec.-Treas. 
46 Encanto Blvd. 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southerp State College 
Magnolia, Ark. 
California Sewage and Wastes Assn. 
Sam A. WEED, Sec.-Tre 2 
Room 315, City Hall, Oskland 18, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bldgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 


an. 
A. Paut Troemper, Sec.-Treas. 
2029 Bates Avenue 
Springfield, Il. 


Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of 
Bismarck, N. Dak. 


South Dakota Section*® 
Cuartes E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak 


Federal Sewage Research Assn. 
Dr. A. F. Bartscu, Acting Sec.-Treas. 
Rm. 4218, Health, — & Welfare Bidg., So., 
Washington 25, D. 


Florida Sewage and Industrial Wastes Assn. 
Donatp P. ScuiEsswout, Sec.-Treas. 
P. O. Box 210 
Jacksonville 1, Fla. 


Georgia Water and Sewage Asen.* 
A. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
WILHELM BuckstTeEG, Sec.-Treas. 
Schliessfach 1112 
Rubrverband, Essen, Germany 


Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 
Wakefield, Yorks, England 


Institution of Sanitary Engineers 
Ernest Barsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage W 
SKORCZESKI, Treas. 
207 South 15th = 
Marshalltown, lowa 


Kansas Sewage and Industrial Wastes Assn. 
Dwicut F. Metzver, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall, Room 2 
University of Kansas, Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Farrer, Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 


Loulsiana Conference on Water Supply and 
Sewerage * 
Greorce L. West, Sec.-Trea 
P. O. Box 15, Water en. Lake Charles, La 


* Sewage Works Section. 


AND INDUSTRIAL WASTES 


FSIWA MEMBER ASSOCIATIONS 


Mary land-Delaware Water and Sewerage Assn.* 
W. M. Brnctey, Sec.-Treas. 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missourl Water and Sewerage Conf.* 
/ARREN KRraMeER, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assen. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 


Nebraska Sewage and Industrial Wastes Assn. 
Paut W. Mouse, Secretary-Treasurer 
602 West B Street, McCook, Nebr. 
New England Sewage and Industrial Wastes 
Assn. 
StepuHen M. Huxtey, Sec.-Treas. 
c/o State Dept. of Healt 
331 State Office Bldg., 
New Jersey Sewage and Industrial Wastes 
Assn. 
Micuaer S. Kacworsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J 
New York Sewage and Industrial Wastes Assn. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
— Carolina Sewage and Industrial Waste 


"c. Hussarp, Sec.-Treas. 
te Board of Health, Raleigh, N. C. 
Ohio Sewage and Industrial =e a Treat- 
ment Conf. 
Warp E. Conran, Sec.-Tre 
301 Ohio Depts. Bldg., Coenen 15, Ohio 
Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
H. J. Darcey, Sec.-Treas 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Ropert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept., Moore Hall 
University of Washington, Seattle 5, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
C. E. Harness, Sec.-Treas. 
272 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
W. T. Linton, Sec.-Tre 
Wade Hampton Bldg., y 
(Sweden) Fireningen Fir Vattenhygien 
Eri onsson, Secretary 
Box 5038, Stockholm 5, Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
sertachleute 
Epuarp Ho.incer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Assen.* 
M. Enters, Sec.-Treas. 
501 W. 33rd St., Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
sen 
L. Hamrick, Jr., Sec.-Treas. 
415 W. Franklin St., Richmond 20, Va. 
West Virginia Sewage and Industrial Wastes 
Asen. 
O. Fortney, Sec.-Treas. 
State Dept. of Health, Charleston, W. Va. 
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SEWAGE AND INDUSTRIAL WASTES 


SQUEEZE CONTROLLER 


Accurately Controls Flow 
of Sewage, Sludge, Trade Wastes 


For the first time, heavy viscous flows can be closely regulated without 
affecting the moving parts of the controlling device. This solves many 
problems . . . makes possible entirely new plant designs. 


The core of this unit is a time-tested venturi tube with a special throat 
section of flexible rubber. Differential pressure in the venturi is trans- 
mitted to a Simplex Type H Rate Setter which both measures and main- 
tains the flow desired. If flow tends to change, Type H Rate Setter 
actuates the motor-driven clamping device to adjust the flexible throat 
area... quickly returns flow to the control point. 


Look at these advantages. A Simplex venturi tube, the most accurate 
form of primary device, does double duty, measures as it controls. The 
throat section is self-scouring. Viscous fluids contact no moving parts. 


Write for complete details today! 
Simplex Valve & Meter Company 
6719 Upland Street, Philadelphia 42, Pa. 


SIMPLEX 


METER COMPANY 
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SEWAGE AND INDUSTRIAL WASTES 


MEMBER ASSOCIATION MEETINGS 


Association Place Time 


Oklahoma Water, Sewage and Okla. A & M College, Nov. 16-20, 1953 
Industrial Wastes Conference Stillwater, Okla. 


New York Sewage and Industrial selmont Plaza, Jan, 21-22, 1954 
Wastes Assn. New York City, N. Y. 


New Jersey Sewage and The Traymore Hotel, March 10-12, 1954 
Industrial Wastes Assn. Atlantie City, N. J. 


Arkansas Water and Sewage Hotel Marion, March 22-24, 1954 
Conference Little Rock, Ark. 


Kansas Sewage Works Assn. Broadview Hotel, April 7-9, 1954 
Emporia, Kan. 


Arizona Sewage and Water Santa Rita Hotel, April 22-24, 1954 
Works Assn. Tuseon, Ariz. 


Montana Sewage and Industrial Hotel Baxter, April 22, 1954 
Wastes Assn. Mont. 


Maryland-Delaware Water and Hotel Francis Scott April 29-30, 1954 
Sewage Assn. Key, 


Frederick, Md. 


California Sewage and Hotel Senator, May 5-8, 1954 
Industrial Assn. Sacramento, Calif. 


Central States Sewage and Hotel Leland, June 24-26, 1954 
Industrial Wastes Assn. Richmond, Ind. 


Pennsylvania Sewage and The Pennsylvania 
Industrial Wastes Assn. State College, 
State College, Pa. 


Kentucky-Tennessee Industrial Andrew Jackson 
Wastes and Sewage Works Assn. Hotel, 
Nashville, Tenn. 


TWENTY-SEVENTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 


in conjunction with 


Ohio Sewage and Industrial Wastes Treatment Conference 
Netherland Plaza Hotel, Cincinnati, Ohio 


October 11-14, 1954 
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SEWAGE AND INDUSTRIAL WASTES 


from the YYOMANS GUARD 


Across the board— 
WIN, PLACE, and SHOW: 
the Treatment Plant at Tupelo 


Take an appreciative look at these figures: 


Daily flow 0.999 MGD 
Raw sewage B.O.D. 286 ppm 
Raw Sewage, suspended solids 216 ppm 
Final effluent B.O.D. 31 ppm 
Final effluent, suspended solids = 
Overall reduction B.O.D. 

Overall reduction, suspended solids 346 


The se are average figures, reported from 
August '52 to January "53, inclusive, of operating 
results at the treatment plant in Tupelo, Missis- 
sippi. 


It's a Yeomans plant—consists of a primary 
Spiraflo Clarifier, an Aero Filter Distributor and 
final Spiraflo Clarifier; plus a full quota of neces- 
sary pumps. It handles industrial wastes and 
domestic. 


Simplicity of operation was a prime requisite; 
and the plant operates automatically with elec- 
trical control. 


Further, its high efficiency is matched by its 
exceptional economy. 


Still more, it’s a sightly plant—bespeaks an 
alert, heads-up well managed community. 


A full report covering plant details and per- 
formance data on request. 


©) Please send Tupelo report. 


Four Aero-Filters Purify 
Domestic and Industrial Wastes 
at Rochester, Minn. 


That standard type units lend themselves to 
special combinations for off-standard needs is 
well demonstrated by the sewage treatment plant 
at Rochester, Minnesota. 


A strong probability that wastes from milk- 
processing plants, present in the sewage, would 
quickly become septic made it necessary to 
short-cut standard purifying procedure in order 
to hasten oxidation. For that reason basic 
treatment by rotary screens instead of conven- 


tional settling tanks delivers the sewage in the 
shortest possible time to four Yeomans high 
capacity Aero-Filters. 


By this means oxidative purification is started 
much sooner, and the filter’s work is made much 
easier. 


With a complete line of standard units of 
every type—activated sludge process or high- 
capacity trickling filters—Yeomans engineers 
can assist in designing a plant custom-fitted to 
meet special requirements: a unique advantage. 


Good business—consult Yeomans. 


Centrifugal Pump or Pneumatic 
Ejector—Yeomans Can 
Recommend Either 


When you submit to Yeomans any problem 
of handling material by pumping it, you can 
be entirely sure that you'll get an unbiased 
recommendation as to centrifugal pump or 
pneumatic ejector. 


Yeomans engineering attention focuses 
on the character of material to be 
pumped and on other technical aspects 
of the job to be done—in order to 
determine which type of equipment 
will perform most efficiently, depend- 
ably and at lowest cost. 


This claim of objectivity is, to be sure, com- 
mon to practically all equipment manufacturers ; 
but here it has added significance because 
Yeomans builds both centrifugals and pneu- 
matics. 


In all other respects a Yeomans recommenda- 
tion is enthusiastically biased—because we are 
utterly convinced that Yeomans Pumps—either 
aaa or pneumatics are the best pumps 


The Yeomans Guard, published several times a year, 
is a compendium of news and useful information 
covering the pumping of materials and the treat- 
ment of wastes, both domestic and industrial. We 
shall be pleased to send you the current issue if 
vou'd care to have it. Ask your local Yeomans 
Representative—listed in the telephone book yellow 
pages under ‘““Pumps"’—or write direct. 


YEOMANS BroTHERS COMPANY 


1999-7 N. RUBY STREET, MELROSE PARK, 


ILLINOIS 


Manufacturers of: Centrifugal Pumps and Pneumatic Ejectors for Buildings, Municipalities, and 
Industrial Applications, and a Full Line of Waste Treatment Equipment. amu 
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SEWAGE AND INDUSTRIAL WASTES 


All sluice gates installed in the 
United States Steel Corporation's 
huge, new Fairless Works, Fair- 
less Hills, Pa., were designed and 
manufactured by PEKRUL. Shown 
here are several gates among 
approximately 200 PEKRUL gates 
installed in pump stations and 
sedimentation basins, 


BROS. MACHINERY 
DENVER, COLORADO 


; 

put PEKRUL 

Write for Catalog FF.. DIVISION 

is 


See 

General 
American 
for 


CREATIVE 
FILTER 
ENGINEERING 


be. 


SEWAGE AND INDUSTRIAL WASTES 


installed in one plant of 
Chicago Sanitary District 


The West-Southwest Treatment 
Works of the Chicago Sanitary Dis- 
trict is the largest sewage treatment 
plant in the world. Here, the huge 
volume of industrial and residential 
waste from the heavily populated 
metropolitan area has presented 
sewage engineers with an unparal- 
leled challenge. Progressively, the 
Chicago Sanitary District has met 
that challenge. Starting twenty 
years ago with installations of con- 
tinuous vacuum filters for activated 
sludge, Sanitary District engineers 
have developed the most exacting 
specifications and rigid requirements 
for filter designs and performance 
. . » culminating in the installation 


Other 

General American 
Equipment: 
Turbo-Mixers, Evaporators, 
Dewaterers, Dryers, 

Towers, Tanks, 


Pressure Vessels 


OFFICES IN ALL PRINCIPAL CITIES 


PROCESS EQUIPMENT 
DIVISION 


of 66 Conkey Rotary Drum Vacuum 
Filters for this largest single instal- 
lation in the sewage field. 


These Conkey units incorporate: 
Polystyrene plastic cloth backing 
drainage plates for long cloth life 
and low maintenance. 

Floating cake discharge scraper. 


Protective coatings for filter 
components. 
—and other superior design and 
constructive features. 

For equivalent Conkey design and 
fabrication for your filter installa- 
tion, write General American. Ask 
for bulletin No. 100 or for a consul- 
tation with one of our engineers. 


Process Equipment Division 


GENERAL AMERICAN 


Transportation Corporation 


Sales Office: 380 Madison Ave., New York 17, N.Y. 
General Offices: 135 S. LaSalie St., Chicago 90, Ill. 


in Canads: Canadian Locomotive Company, Ltd., Kingston, Ontario 
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SEWAGE AND INDUSTRIAL WASTES 


COMMINUTORS ARE READILY INSTALLED in new or exis 
gular straight-through flow sewag 


rectan- 
ze channels. They may be used either as 


single units shown above or multiple units, depending on your needs. 


Worthington comminutors eliminate 
costly handling of sewage solids 


With a Worthington comminutor operating continu- 
ously, you can forget about raking, hauling, grinding, 
and burial or incineration of coarse solids. Here’s 
why: 

Worthington comminutors automatically cut coarse 
solids in raw sewage so rapidly that loss of head is 
minimized. Peak loads in excess of comminutor 
capacity are easily handled by a baffle screen. The 
addition of a mercury seal keeps all working parts 
watertight for continuous operation even when com- 
minutor itself is submerged. 


= CommingToRs — TURBINE 


Quick, simple installation in either new or existing 
rectangular sewage channels, indoors or outside, 
keeps costs to a minimum. Stainless steel screens and 
cutters are easy to remove for inspection, adjustment, 
sharpening or replacement. 

Worthington engineers will be glad to help you 
mechanize and modernize this or any other phase of 
your sewage treatment. Write for full details on 
Worthington’s complete line of sewage disposal 
equipment. Worthington Corporation, Public Works 


Division, Section W.3.3, Harrison, N. J. oak 


WORTHINGTON. : 


ON 


All Major Public Works Equipment Under One Responsibility 
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SEWAGE AND INDUSTRIAL WASTES 


There is no “cure all” 
for solving waste 
treatment problems. 


For EXAMPLE: our thorough 
evaluation of your problem 
could dictate the 

utilization of ion exchange 
rather than the precipitation 
equipment found most 
practical in the existing 
plating waste installation 
diagrammed above. 


We invite your specific inqutries 
and know that our wide experience 
in all phases of waste treatment 
will prove helpful to you. 

Request Bulletin 70-S 

and W-800-S. 


INFILCO INC. 


Tucson, Arizona 


Plants in Chicago and Joliet, Illinois 
FIELD OFFICES IN 28 PRINCIPAL CITIES 


q 
INDUSTRIAL 
= PAPER MILL WASTES 

No. 1 ina series depicting INFILCO’S successful solution of waste problems. 
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FROM! 
TOP 
TO 
BOTTOM 


this 

sewage plant 
is Nordstrom 
equipped 


In the sewage treatment plant 
shown in this picture, 
Nordstrom valves are installed 
on all types of lines from 
intake to discharge. 

Why? Because Nordstroms are 
protected by a film of 
pressurized lubricant. 

This lubricant surrounds seat 
ports preventing leakage .. . 
it protects the vital seating 
surfaces of a Nordstrom from 


wear, corrosion, erosion or 
abrasion . . . it keeps the valve 
ready to open or close with a 
quick quarter-turn at any time 
reason enough to standardize 
on Nordstroms. 

If you are building a new 
sewage treatment plant or 
replacing the valves in your 
present one, call your Nordstrom 
representative for an estimate. 
Rockwell Manufacturing 
Company, Pittsburgh 8, Pa. 


ROCKWELL Built Nordstrom Valves 
Lubncant-Sealed tor Posttive Shut-Of & 
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LINK-BELT sanitary engineering 
equipment built last 


with LINK-BELT components 


¢ municipalities and industrial plants all over the country, antee of long-life, high-efficiency operation. 
Link-Belt water, sewage and waste treatment equipment The Link-Belt line includes coarse and fine screens, grit 
provides reliable, efficient service. There are two important and sludge collectors for grit chambers and settling tanks, 
reasons for this outstanding record— scum breakers for digestion tanks and sludge handling 
First, Link-Belt designs are based on broad experience and equipment. Our sanitary engineers will be glad to work 
sound engineering . . . assure the finest in modern treatment with your engineers, chemists and consultants—help you 
techniques. Second, and equally important—Link-Belt equip- get the best in modern treatment equipment. Call the Link- 
ment is built to the highest standards with Link-Belt power Belt office near you for complete information. 
transmission and conveying components. This is your guar- 


P.1.V. VARIABLE SPEED DRIVE GEARMOTORS ELECTROFLUID DRIVES WORM GEAR DRIVES 


For positive, infinitely variable Safe, compact, efficient. Output Hydraulic coupling combined Suited to high-ratio reductions, 
speed selection. Choose from 16 speeds from 6 to 280 rpm in with induction motor for smooth with vertical or horizontal out- 
types, 4% to 25 hp, reduction standard line of doubleand triple starting and shock load protec- put shafts. Quiet, smooth, com- 
ratios 6:1. reduction units. tion. Avoids “over-motoring.” pact. Output rpm: 0.22 to 564. 


ROLLER CHAIN PROMAL CHAIN BELT CONVEYOR IDLERS SCREW CONVEYORS 


For positive power transmission This stronger, longer-wearing Husky, self-aligning roller bear- Sectional flight and helicoid 
at high or low speeds, coordinat- malleable alloy has toughness, ings maintain alignment. Grease types. One moving part. Com- 
ing rotation of numerous shafts. strength, high yield point, high  in-dirt out seals preserve lubri- pact. No return run. Horizontal, 
Long or short centers. resistance to abrasion. cant longer. vertical or inclined operation. 


BALL & ROLLER BEARINGS SPROCKET WHEELS PEAK CAP BEARINGS 


Full line of precision pillow blocks, flanged; Teeth are accurately cast and hand ground Water lubricated, Self-Aligning; prevent ac- 
flanged cartridge, cartridge, hanger, and_ to fit chain correctly. A type for every chain, cumulation of sludge on all submerged 
take-up blocks for every need. a size for every requirement. bearings of Collectors. 


Tg LINK-BELT COMPANY: Plants: Chicago, Indian- 
S apolis, Philadelphia, Colmar, Pa., Atlanta, 
7 } Houston, Minneapolis, San Francisco, Los Angeles, 


Seattle, Toronto, Springs (South Africa), Sydney 
(Australia). Sales Offices, Factory Branch Stores 


SANITARY ENGINEERING EQUIPMENT and Distributors in Principal Cities. 13 saga 
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SEWAGE AND INDUSTRIAL WASTES 


Through the years Lock Joint has proven itself in water 

supply and transmission mains—and now more and 

more sanitary engineers are realizing its value for sewer ee, Lock Joint Prestressed 
Concrete Cylinder Pipe 


force mains. It withstands high internal pressures and readily withstands the 
external loads, resists corrosion, tuberculation and rup- 1 reaching 4 city and 
ture, has watertight flexible joints and will maintain a 
high carrying capacity for an estimated life of over 
100 years. 
Its performance is unexcelled, yet this high quality 
pipe is low in first cost and is virtually free from repair 
and maintenance charges. For top performance at rock 
bottom cost, specify Lock Joint Prestressed Concrete 
Cylinder Pipe for your next sewer force main project. 


Its ability to withstand heavy back- 
loads frequently makes it possible 
to lay Lock Joint Prestressed Con- 
crete C er Pipe in deep cuts 
without ial bedding. The speed 
with which it may be laid and the 
fact that it can be immediately 
backfilled usually makes it unneces- 
sary to sheet the trencl 


SCOPE OF SERVICES—Lock Joint Pipe Company special- 
izes in the manufacture and installation of Reinforced Con- 
crete Pressure Pipe for Water Supply Distribution Mains ina 
wide range of diameters as well as Concrete Pipes for Sani- 
tary Sewers, Storm Drains, Culverts and Subaqueous Lines. 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P. O. Box 269, East Orange, N. J. 
PRESSURE PIPE PLANTS 
Wharton, N. J., Turner, Kan., Detroit, Mich 
BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. +» Denver, Col. 
Kansas City, Mo. « Valley Park, Mo. - Chicago, Ill. + Rock Island, Il. 
Wichita, Kan. + Kenilworth, N. J. + Hartford, Conn. + Tucumcari, 
N. Mex. + Oklahoma City, Okla. + Tulsa, Okla. 
Beloit, Wis. + Hato Rey, P. R 
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TAPERED small-end Everdur 
section, before being welded 
to large-end tapered section, 
is machined to fit throat at 
C. H. Wheeler Mfg. Co. 


THROAT OR INTAKE END of the 2-section, 16-foot-long Venturi 
outlet cone. This throat is made by roll forming %-inch Everdur- 
1010 plate at The Daniel Russell Boiler Works, Boston, Massa- 
chusetts. Here a seam is being welded by the Aircomatic® process 
using Everdur-1010 Welding Rod. 


This Everdur Venturi Tube Meters 350,000 gpm 
Through New York’s Neversink Tunnel 


Metering that much water flowing through 
the new Neversink Tunnel of New York’s 
Delaware Water Supply System at 235 psi 
static pressure at cone required an accu- 
rately fabricated, strong, corrosion-resis- 
tant Venturi outlet cone approximately 
16-feet long with an 8-foot diameter ta- 
pering to 5 feet, 5 inches at the throat. 

Such equipment, buried in the tunnel, 
must not fail—and Builders-Providence, 
Inc., the supplier, had to design to exact- 
ing specifications. Costs were also a factor. 
This huge cone was, therefore, designed 
for welded fabrication of 5¢-inch-thick 
Everdur*-1010 (ANaconpA Copper-Sili- 
con Alloy) plate. 

Depending on the alloy, you can work 
Sicanlas hot or cold, and easily form, 
forge, weld and machine it. Everdur is 


available in plates, sheets, rods, tubes, 
electrical conduit and casting ingots. 

Our Technical Department's services 
are always yours for selecting the best 
and most practical material for your 
equipment. The American Brass Com- 
pany, Waterbury 20, Connecticut. In 
Canada: Anaconda American Brass Ltd., 
New Toronto, Ont. 


*Reg. U. S. Pat. Off, 53142A 


EVERDUR 


ANACONDA 


COPPER-SILICON ALLOYS 


STRONG * WELDABLE * WORKABLE 
CORROSION-RESISTANT 
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“VAREC”’ Pressure 
Relief and Vacuum 
Breaker Valve with 
Flame Arrester — Fig. 
5800C — Relieves ex- 
cess pressures and 
vacuum in digesters 
and protects vessels 
from outside fires. 


“VAREC” Explosion 
Relief Valve—Fig. 70 
— Relieves sudden 
surges in pressure 
from explosion or mo- 
mentary plant fluctua- 
tions. 


"VAREC” Flame Trap 
Assembly —Fig. 450— 
Prevents flame propa- 
gation in piping. 


“VAREC” Waste Gas 
Burner — Fig. 236, 237 

or 238 — Efficiently 

burns all excess gas. 


“NV AREC” Flame Check 
— Fig. 51A or 52A— 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“NV AREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 
sure to be wasted 
through gas burner 
and prevents flame 
flashback from burner. 


Plan with nec 


ducing Regulator— 
Fig. 187 or 387—Con- 
Symbols ai Safety trols pressure of gas 
going to utilization 
equipment. 


FOR GAS CONTROL THROUGHOUT YOUR 


“VAREC” Check Valve 
—Fig. 211 or 211A— 


SEWAGE TREATMENT PLANT Controls direction of 


gas flow. 


“VAREC” Manometer 

— Fig. 215, 215A, 216 

PROVEDor or 216A — Indicates 
N system pressures. 


“VAREC” Drip Trap — 
Fig. 245 or 248. 


“VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 


drained and free f 
THE VAPOR RECOVERY SYSTEMS COMPANY Som 
COMPTON, CALIFORNIA, U.S.A. 


$-10 Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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SEWAGE AND INDUSTRIAL WASTES 


Straight through, clean as a whistle! 
That’s the kind of flow perfection 
you get with an (Cf? Round 
Port Valve. Because they’re the 
exact same size and shape as the 
pipe itself, there are no obstructions. 
You always get full capacity flow of 
heavy viscous ladings . . . without 
loss in head pressure. There are no 


abrasive effects from solids in sus- 
pension. 

The full pipe area and non-wedging 
effects of Round Port Valves are also 
found in QLC.f- Rectangular Port 
Valves. Both are designed to give 
you long, trouble-free service with 
minimum maintenance. Don’t settle 
for less than the very best. It pays! 


in Processing Q-C.£ Round Port 
Valves are 100% obstruction free, 
ideal for ing materials in sus- 
pension. 


In Sewage Treatment Plants the 
Q.C.£ exclusive Cylindrical Plug 
shears obstructions, provides un- 
interrupted flow. 


The Petroleum Industry finds full- 
pipe area of Q.C.f? Valves of 
great advantage on both natural 
gas and crude oil. 


PLUG VALVES 


Write for Catalog 4-SI. American Car and Foundry Company, 


Representstives in 
Valve Division, 150! E. Ferry Ave., Detroit 1, Michigan. 


50 Principal Cities 
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SEWAGE AND INDUSTRIAL WASTES 


Proce 


UNIONTOWN, PA. INSTALLATION 
THE CHESTER ENGINEERS, PITTSBURG, PA. — CONSULTANTS 


DETENTION TYPE BASINS WITH 
SELF-ELEVATING GRIT COLLECTOR 


The grit collecting-elevating mechanism shown below is well adapted for 
situations where construction space is limited, fine grit is present and where 
the collected grit must be elevated to a considerable height. The V-buckets are 
specially designed for high capacity loads to reduce operating time and wear. 
Collected grit may be discharged to containers, or to cross conveyors for 
removal to trucks or receiving bins outside of grit chamber. 


FEATURES 


@ Heavy “Series 40” chain with steel bucket 
flights have replaceable wearing shoes. 
eFlights permit free water to drain. 
@ Flights scraping tend to free settled or- 
ganic matter which is in turn washed 
out of tank. 
®@ Grit recircula- 
tion (adjustable) 
gives absolute 
control over pu- 
trescible content. 


PUES WALKER PROCESS EQUIPMENT INC. 


\ 

WRITE FOR BULLETIN 21S63 
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No other hydrant is so 


inexpensive to maintain= 


so quick and easy to repair 


@ The Mathews Hydrant is so simply and soundly con- 
structed that there's virtually nothing to go wrong. 


@ Only one point needs lubrication—the operating 
thread—and that only during routine inspections. 


@ A Mathews Hydrant broken in a traffic accident can be 
quickly repaired without excavating and nozzle levels 
can be adjusted with the same ease. 


@ For community fire protection, rely on Mathews 
Hydrants, the standard of the industry. 


Made by R. D. Wood Company 
Public Ledger Building, Independence Square, Philadelphia 5, Pa. 


Manufacturers of "Sand-Spun" Pipe (centrifugally 
cast in sand molds) and R. D. Wood Gate Valves 


NO OTHER HYDRANT OFFERS SO MANY ESSENTIAL FEATURES 
Compression type valve prevents flooding « Head turns 360° « Replaceable head « Nozzle sections 
easily changed « Protection case of “Sand-Spun” cast iron for strength, toughness, elasticity « All 
operating parts contained in removable barrel « A modern barrel makes an old Mathews good as 
new « Available with mechanical-joint pipe connections 
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SEWAGE AND INDUSTRIAL WASTES 


For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES © DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS » AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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The best “WEIGH”. . . 
is the MERCHEN way: 


W6&T Merchen Feeders give precision feeding of 
any waterworks chemical... by weight. 


FEATURES: 
—Continuous, minute-to-minute accuracy. 


—Durable construction, sealed bearings and dust 
shields. 


—Automatic built-in alarm switch. 

—Knife edges and pivots tipped with special alloy 
for long life. 

—Remote feed rate adjustment if desired. 


—Adaptable to fully automatic proportional control. 


Hundreds of installations feeding waterworks chemicals, indus- 
trial chemicals and feed and flour ingredients have proved the 
accuracy and dependability of these belt-type gravimetric feeders. 


USE W&T FEEDERS FOR WALLACE & TIERNAN 


Dependable Chemical Control a COMPANY, INC. 


CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
NEWARK 1, MEW JERSEY - REPRESENTED IN PRINCIPAL CITIES 
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for dependable performance... 
low maintenance... 


Jeffrey BACK-CLEANED Screens 


The treatment of water, sewage and indus- 
trial waste by mechanical means has 
definitely proved to be most effective and 
economical. It is now the accepted stand- 
ard for new plants, including those for 
small villages 


Based on new design principles, these Jeffrey mechan- 
ically-cleaned bar screens are practically foolproof. 


Jeffrey bar screens are furnished coarse or fine (as 
shown) with round or rectangular bars, in widths and 
lengths to meet job requirements. Write for Catalog 
833 on Jeffrey equipment for industrial waste, water 
and sewage treatment. 


Other Jeffrey sanitation equipment includes: 


Screening Grinders Scum Removers 

Grit Collectors and Washers Dry Feed Chemical Machines 

Sludge Collectors for Primary Biofiltration Plant Equipment 
and Final Settling Tanks Garbage Grinders 

FLOCTROLS (Controlled Bucket Elevators 
Flocculation Power Transmission Machinery 

Belt and Spiral Conveyors Hydrolese Hubs 

Chains and Sprockets Constant Weight Feeders 


MANUFACTURING CO.. 
Columbus 16, Ohio 
IF IT’S MINED, PROCESSED OR MOVED sales offices and distributors 


f in principol cities 
» + ITS A JOB FOR JEFFREY! PLANTS IN CANADA, ENGLAND, SOUTH AFRICA 
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Typical of modern G-E equipment is this switchgear and Limitamp control lineup at a new west coast plant. 


3-way aid for your Clean Waters plan 


Available now to all communities faced with the 
need for new or expanded sewage-treatment facil- 
ities is this three-way help from General Electric: 
1. Community-action program, including the 
film Clean Waters to aid you in increasing 
public support for necessary new projects. 
2. Engineering assistance to your consultants 
or engineers in electrical-system planning. 
3. Co-ordinated electrical equipment supplied 
from the complete G-E line of motors, con- 
trol and power distribution equipment. 
To take advantage of this complete service, 
contact your nearest G-E Apparatus Sales Office 
Special control like this chlorinator panel is part ¢arly in the planning of your project. Gerieral 
of complete G-E equipment for sewage plants. Electric Co., Schenectady 5, N. Y. 


Clean Waters program consists of film, manual G-E motors for sewage-plant use range from these large 
Modern Sewage Treatment, handout leaflet: lift-pump motors to small motors for process drives. 


Engineered Electrical Systems for Sewage Plants 


GENERAL ELECTRIC 
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Dryer-Incinerator 


T aeDry or incinerate sewage sludge 
== in one multiple hearth unit 


Nichols Herreshoff multiple hearth sewage sludge 
dryers-incinerators are designed for something extra in 
performance and adaptability . . . an extra that pays 
dividends. 


Cities that are finding it desirable to dry sludge for 
a soil conditioner when there is a demand, can 
incinerate the sludge to a sterile ash at other 
times—all in one Nichols Herreshoff Dryer- 
Incinerator unit. 


Please write for further information. 


ineering & Research Corp. 


St. Indianapolis 2, Ind. 


Lbs Bites Ave., Pasadena 1, Calif. 
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Effective, two-stage, sewage sludge digestion involves far more than just a 
heated tank! There are four major — and interrelated — requirements. 


Here they are... and here’s what you need to meet them... 


1. Homogeneous mixing 2. Simplified Sludge Heating 
and elimination of scum 


COOL WATER coon stuoce 
LEAVING ENTERING 
Requires an efficient 
Calls for intensive mix- r heat exchanger of sim- 


| 
, ing in the Primary by ; plified design with- 
Hs \, means of high-capac- out excessive and com- 
| ity propeller and draft plex instrumentation. 
co | tube 
| 


HEATED SLUDGE HOT water 
LEAVING ENTERING 


3. Adequate Gas Storage 4. Simplified Control 


Demands a Secondary 
equipped with a mov- 
able, steel dome gas 
holder to even out 
fluctuations and insure 
a constant supply to 
gas utilization equip- Requires a simple and automatic means of trans- 
ment. ferring sludge and liquor from the Primary to 
the Secondary at rate of feed. 


Most important of all . . . you need a balanced and integrated System to meet 
these needs economically. Not an expensive conglomeration of unrelated units. 

It will pay you to avoid the “piecemeal” approach. As proof, we suggest 
you compare the characteristics of Dorr Multdigestion* with any other diges- 
tion equipment. 


*Reg. US. Pot. OF 


ENGINEERS STAMFORD, CONN. 


Offices, Associated Componies or Representatives in principal cities of the world. 
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RESEARCH ON ACTIVATED SLUDGE 
I. A Study of the Aeration of Water 


By A. PASVEER 


Research Institute for Public Health Engineering, National Health Research Council, 
The Hague, Netherlands 


Despite the voluminous literature on 
activated sludge, comparatively little 
has been reported in the way of funda- 
mental research on brush aeration or on 
the minimum requirements of aeration 
tank capacity. This series of papers, 
therefore, reports research on activated 
sludge as carried out at the Research 
Institute for Public Health Engineer- 
ing, a facility of the Netherlands Na- 
tional Health Research Council. 

The first paper, dealing with a study 
of the aeration of water, shows that the 
rate of solution of oxygen in water in 
motion cannot be calculated without 
recourse to experiment; and that the 
rate of diffusion is inversely propor- 
tional to Vé, an important concept in 
any investigating of the nature of the 
diffusion The second paper 
reports experiments in brush aeration 
heretofore given only very limited dis- 
tribution. The third paper deals with 
the distribution of oxygen in activated 
sludge floc, and the fourth with ex- 
periments in the purification capacity 
of activated sludge under very intense 
aeration. 


process. 


Notation 


The following letter symbols, used in 
this series, conform essentially to the 
standard letter symbols as given in the 
various publications of American Stand- 
ards Association : 


A = area of the interfacial surface; 
A’ = hypothetical area of the inter- 
facial surface; 


concentration of gas: 
; = concentration of gas in the gas 
mass; 
concentration of gas in the 
liquid; 
concentration of gas in the 
monomolecular gas layer; 
concentration of gas in the 
monomolecular liquid layer; 
concentration of gas in the 
liquid at saturation; 
= Henry’s constant (¢¢/¢z.) ; 
= height of the column of liquid 
into which the gas diffuses ; 
diffusion constant : 
-, = diffusion constant of gas in the 
liquid; 
-;, = diffusion constant of gas in the 
gas Mass; 
= quantity of diffused gas; 


rate of diffusion (2 


= time; 

= time of subsistence of the hypo- 
thetical surface of a liquid at rest; 

= volume of liquid; and 

= Hvke/k1. 


Solution of Gases in Liquids at Rest 


When studying the theoretical aspect 
of the solution of gases in liquids it is 
expedient to take as a basis a simple 
theoretical case; specifically the diffu- 
sion of a pure gas, (, in a state of perfect 
rest in a column of infinite length, which 
gas at time ¢t = 0 is brought into con- 
tact with a column of liquid, L, likewise 
in a state of perfect rest and of infinite 
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length. At the moment contact is 
established between the gas and the 
liquid, a state of equilibrium is at once 
produced in the monomolecular inter- 
facial layers. It can, for instance, be 
shown by calculation that when non- 
oxygenized water is brought into con- 
tact with atmospheric air the mono- 
molecular water layer becomes satu- 
rated with oxygen molecules within a 
time of the order of 1077 sec. 

Immediately after the establishment 
between the and the 
liquid the monomolecular liquid layer 
becomes saturated with the gas, which 
marks the commencement of the proc- 
ess of diffusion of the gas from the 
monomolecular layer to the deeper 
layers. The rate at which the diffusion 
process takes place is governed by 
Fick’s law. 

Fick’s law, however, is difficult to 
apply just as it stands. As far back as 
1878 Stefan (1) worked out more simple 
relationships deduced from Fick’s law 
for a number of possibilities propounded 
in theory. One of these simple cases 
is the problem previously formulated 
(Figure 1). 


of contact 


gas 


For this purpose the gaseous atmos- 
phere is considered to consist of a pure 
This means that, even if there 
are no currents in the gas mass, the 
number of gas molecules supplied to 
the liquid as a result of the high velocity 
of the gas molecules is so great that the 
composition of the monomolecular gas 
layer at the interfacial surface is iden- 
tical with that of the rest of the gas 
mass (¢, = 


gas. 


Cg, hence ¢, = Cz,). 
Stefan gives the following relation- 
ship for the rate of progress of the 


of 


FIGURE 1. 
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November, 


OXYGEN PER Sq CM PER SEC. « 1079 


1,0 1,5 
TIME IN SEC 


FIGURE 2.—Rate of solution of oxygen in 
quiescent water at 10° C. 


diffusion of the gas, G, into the liquid: 


per sq. cm. = 


ky t 


if, when ¢ = 0, ¢ = 0: and also, in 


general: 


I}. 
Qi = 2A (ec, 

Eq. 2 shows that the amount of dif- 
fused gas is proportional to the square 
root of the time. The rate of the diffu- 
sion process is greatest immediately 
after the formation of the gas-liquid 
interfacial surface and afterwards de- 
creases rapidly with the time (Figure 
2). 

The next case to be examined is one 
in which the pure gas, (, in the previous 
example is replaced by a gas mixture, 
G + F, in which F does not dissolve in 
the liquid or in which the liquid is 
saturated with F (Figure 3). 

At the moment of formation of the 
interfacial surface a state of equilibrium 
will again be produced at the inter- 
facial surface, this time between the 
molecules of the gas @ in the mono- 
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of 
G+F 


Monomol, 


gas layer~r, 


Monomol, 
water 


FIGURE 3. 


molecular gas layer and those in the 
monomolecular liquid layer. Also, as 
before, gas is removed by diffusion into 
the deeper layers of the liquid. In this 
case it must not be taken for granted 
that the degree of concentration in the 
monomolecular gas layer remains equal 
to that obtaining in the gas mass, as 
the molecules of gas that have passed 
from the interfacial surface into the 
liquid must be replenished by diffusion 
from the gas mixture. 

It can be calculated that, in the the- 
oretical case in which diffusion takes 
place in columns of infinite length, the 
concentration of the diffusing gas in the 
monomolecular layers of gas and liquid 
is constant and can be equated as a 
known value in the expressions: 


and 


If, for the moment, any differences 
in kg and ky of the different gases are 
ignored, the value of p will be governed 
by Henry’s constant. In the case of 
gases of poor solubility, H will have a 


high value and the value of ——~ will 
p 


+ 
approximate 1, because for one thing 


Ni invariably has a high value. In 
L 


this case c, will differ only slightly from 
cg. On the other hand, in the ease of 
gases of good solubility the value of 


p 
is small and differs considerably 
p 


+1 
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from 1. In the latter case there is a 
considerable difference between c, and 
cg, and hence between c, and Cz,. 

The foregoing presents the theo- 
retical aspect of the diffusion of a gas 
into a liquid at rest, taking as its basis 
Eq. 1, deduced by Stefan, as applicable 
respectively to the diffusion of a gas 
from a gas mixture and to the diffusion 
of a gas into a liquid. The formulas 
used apply to the theoretical case in 
which diffusion is considered for gas in 
columns of infinite length. It is now 
of particular importance to examine 
how far the diffusion formulas adopted 
and the reasoning based thereon will 
hold good in circumstances where the 
stated requirement as to the gas col- 
umns is not fulfilled. 

Stefan made a detailed investigation 
of the conditions under which the for- 
mulas evolved by him are applicable. 
His conclusion was to the effect that 
Iq. 1 shows no greater divergence than 


TABLE I.—Column Length and Maximum 
Diffusion Time at which Stefan’s Formula 


Max. Diffusion Time at 
Which Divergence < 2% 
2.7 sec. 

GS sec. 
4.5 min. 

110 min. 
7.5 hr. 
8 days 

30. days 


TABLE II.—Diffusion Time and Minimum 
Column Length at which Stefan’s Formula 
is Applicable 


Diffusion Min. Column Length at 
T Which Divergence < 2% 


(em.) 


0.0006 
0.002 
0.004 
0.006 
0.02 
0.06 
0.1 
0.15 


hy 

Vol. 25, No. 11 

cp 
when 
L te0 

: ry, 

is Applicable 
Column 

Length 
(em.) 

0.01 

Cp = re 1 (ee) 0.05 
p 0.1 
= 0.5 
Cc, = jour (3b) 5. 

p+ 10. 

0.01 
10. 

100. 
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1 per cent as long as the condition is 
fulfilled that 


and no greater divergence than 2 per 
cent as long as the value of this expres- 
sion <4. Therefore, if k is known, 
the range of conditions over which 
Eq. 1 applies can be calculated for each 
individual case. Tables I and II give 
some data for the case of the diffusion 
of oxygen in water. 


Solution of Gases in Liquids 
in Motion 


The course of events during solution 
in liquids in motion is in theory exactly 
the same as in the case of liquids at rest. 
The difference in practice is that, to an 
extent dependent upon the degree of 
mixing (turbulence), the surface layer 
becomes mixed after a longer or shorter 
time with the rest of the liquid, in 
which the gas may undergo further 
dispersion (also as a result of diffusion 
and mixing). New layers are added 
to the surface continuously. Another 
possible course of events is that al- 
though the surface layer remains the 
same for a longer or shorter time, the 
layers situated more or less closely 
below the surface will be replaced con- 
tinuously by other lavers. The decline 
in concentration in the case of water at 
rest, as determined by time and the 
diffusion constant, will undergo inter- 
ference as a result of mixing. The 
chances are that this interference will 
not occur in the same way at every 
point on the interfacial surface. The 
course of events cannot be approxi- 
mated mathematically. 

One may imagine as substitute for 
this interference by turbulence with 
the decline in concentration a state of 
affairs in which the surface is replaced 
at certain time intervals by a new sur- 
face of the same area which remains 
during its subsistence in a state of 
perfect rest. It must also be assumed 
that the interfacial layers below the 
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disrupted surface are instantaneously 
mixed with the rest of the liquid. 

If the time of subsistence of this 
hypothetical surface be designated as (’, 
this means that the surface is renewed 


= n times during unit time. In the 


t’ 
case of a gas of poor solubility, in which 
Cy = Crs, for the time of subsistence (’, 


it 
A — 


Qa = 2 


from which 


By integration over the time elapsing 
from ty to t;, where varies from 
to 

] Cis 

It is thus possible, in the case of a 
gas of poor solubility, to ascertain 
experimentally the value of 


The right side of this expression is a 
measure of the rate at which gas is 
supplied to the liquid. If the condi- 
tions of the experiment are such that a 
certain value of the hypothetical sur- 
face area may be considered more or 
less acceptable, the time of subsistence 
of the hypothetical surface area can be 
found by calculation. The more power- 
ful the turbulence, the more the value 


of 


— —= will increase. 
Nt 


Discussion 


It was found in the foregoing that 
the amount of oxygen absorbed by the 
water is proportional to the square root 
of the time. This datum, which al- 
though known is usually not accorded 
the prominence it deserves, is a valu- 
able help in forming a clear idea of the 
diffusion process. It shows that the 
diffusion process is a slow one if time 


1 
n = V, 
L LNt 
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is reckoned in hours and days, but that 
it is a very rapid process when dealing 
with aeration times amounting to frac- 
tions of seconds. 

During the aeration of water the 
rate of diffusion of oxygen from the 
interfacial surface into the water is a 
maximum at the moment of formation 
of the interfacial surface. This rate 
decreases very rapidly with the time. 
Hence it follows that the energy em- 
ployed for aeration as far as possible 
should be directed towards the creation 
of a new interfacial surface and not 
towards the maintenance of the inter- 
facial surface already formed. 

In the study of the solution of oxygen 
in water in motion, use is made of two 
formulas, viz.: 


1. That of Adeney and Becker. 
2. That of Black and Phelps. 


Adeney and Becker (2) studied the 
rate of solution of oxygen in water in 
motion with the aid of the “rising 
bubble” method evolved by them, re- 
garding which they state the following: 


and it was found that the condi- 
tions prevailing when a large bubble is 
allowed to ascend a narrow tube filled with 
water, were almost exactly those sought. 
In this case the surface tension keeps the 
water-air surface unbroken during its 
passage up the tube, and since the bubble 
occupies nearly the whole cross-section of 
the tube, the water is exposed to the air in 
an extremely thin layer, while the upward 
movement of the bubble produces a very 
perfect local mixing of the water.” 


By this method it is possible to caleu- 
late the water-air surface, which varies 
but little in the course of the experi- 
ment. The thickness of the aerated 
layer of water and the period of aera- 
tion can likewise be ascertained. The 
amount of air (oxygen) which dissolves 
in the water (the experiment being 
started with non-aerated, that is, non- 
oxygenated water) is calculated from 
the diminution in volume of the air 
bubble. The data required for draw- 
ing up a calculation are then known. 
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Adeney and Becker base their mathe- 
matical deductions on the principle 
that the rate of solution of a gas 
(oxygen) in water is determined by the 
ratio between the oxygen molecules 
entering the interfacial surface and 
those escaping from it, provided the 
water is well-mixed (that is, that the 
concentration at the surface is equal to 
that obtaining in the mass of the 
liquid). 

It has been shown in the foregoing 
that, at a water-gas interfacial surface, 

p 
p+ 
plicable, which in the case of oxygen 
(that is, a gas of very poor solubility), 
at the very high values for p, means 
C, = 99.9% 

It follows, therefore, that in the case 
of water not saturated with oxygen the 
concentration at the interfacial surface 
is never equal to that of the entire mass 
of liquid. The “well-mixed” condition 
can never be fulfilled. The mathe- 
matical deduction of Adeney and 
Becker is thus shown to be incorrect, 
with the result that their formula is 
of no value for calculating the rate of 
solution of oxygen in water in motion. 

This is confirmed by Adeney and 
Becker’s own observations. They 
found an increasing value for their 
“coefficient of escape” (which must be 
a constant) according as the volume 
of the air bubble becomes greater. 

They explained this by stating that 
the conditions at the top of the air 
bubble are different from those ruling 
in the cylindrical part and that this is 
more strongly evidenced in the case of 
a small air bubble. This explanation 
is incorrect. The effect of the lower 
speed at the top of the air bubble is 
offset by the thicker layer of liquid 
over which the absorbed oxygen has 
to be distributed. The true explana- 
tion is to be found in the longer aera- 
tion times in the case of the larger air 
bubble, resulting in a lower average 
rate of diffusion. 

It is of particular interest to note 
that, on checking the experiments of 


the relationship c, = [cu is ap- 


: 
gh 
q 
~ 
tr 
i 
AG 
: 
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Adeney and Becker, good agreement is 
found to exist between the values estab- 
lished experimentally by Adeney and 
Becker and the values calculated by 
means of the formula for diffusion in 
water at rest. In a_ specific 
values of 10.51 and 9.82 per cent, re- 
spectively, were found for a double 
passage of the air bubble. It thus 
follows that the flow of water past the 
air bubble will for the most part be in 
the form of a laminar film. If this 
were not the case, much higher values 
would have been found in the ex- 
periment. The rising bubble method 
evolved by Adeney and Becker for 
water in motion thus proves to be more 
suitable for determining the rate of 
solution in water at rest. 

Black and Phelps (3) also use a 
formula derived from Fick’s law for 
calculating the rate of solution of 
oxygen in water at rest. Working 
partly by mathematical deduction and 
partly with the aid of graphs, they 
arrive at the relationship: 


log Ro = 1.85 + 0.5 log K... (7) 


Case, 


in which #» represents re-aeration at 
100 per cent deficit, and 


(S) 


in which Z is depth and a is the diffu- 
sion coefficient. 

From Stefan’s formula Eq. 7 can be 
shown to be in the exact form 


log Ry = 1.85633 + 0.5 log WK. . (9) 


It should be mentioned that in Eq. 8, 


the diffusion coefficient, a, has the 
value of + 0.07 sq. cm. per hr. and 
not 1.42 sq. em. per hr. as given by 
Phelps. The “International Critical 
Tables” (Vol. 5, p. 63) give Aye = 1.98 
X 10-5 sq. em. per sec. (that is, 0.0713 
sq. em. per hr.) 

In order to use Eq. 7 for the rate of 
solution in water in motion it is neces- 
sary to introduce an empirical factor. 
It is then better to use the formula 
given by Phelps (5)- . 


D, = D, 10-**'.. (10) 
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—which expresses the relation between 
the deficit D after any time ¢, the initial 
deficit D,, and the coefficient of re- 
aeration, ko. 

As Phelps states, the selection of ky» 
requires experimental judgment and, 
generally, is checked against stream 
survey data of the specific watercourse 
involved. 

Theory and practice thus teach that 
in the case of water in motion, even 
so-called well-mixed water, the rate of 
aeration cannot be calculated theoret- 
ically. For each special case an ex- 
perimental determination is necessary. 


Conclusions 


1. Since the rate of diffusion is pro- 


1 
Nt 


diffusion during very brief aeration 
times is an extremely rapid process. 

2. It follows from conclusion 1 that 
the rate of diffusion is a maximum at 
the moment of formation of the oxygen- 
water interfacial surface and after- 
wards decreases rapidly as a function 
of the time (Figure 2). 

3. It follows from conclusion 2 that 
the energy employed for aeration 
should be directed towards the creation 
of a new water-air interfacial surface. 

t. Theoretical considerations show 
that the basis of the formula of Adeney 
and Becker for calculation of the rate 
of solution of oxygen in water is in- 
correct. 

5. In the case of water in motion, 
the rate at which oxygen is absorbed 
can never be calculated without re- 
course to experiment. 


portional (t = aeration time), 
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Digestion of sewage solids is the re- 
sult of biochemical activities of bae- 
teria. These activities comprise the 
hydrolysis and liquefaction of com- 
plex organic materials by enzymes se- 
creted by bacteria, the enzymes con- 
verting these materials into simpler, 
intermediate, soluble, or more readily 
available forms. The intermediate 
soluble products diffuse through the 
cell membrane and are ultimately as- 
similated and converted into final end 
products such as methane, carbon di- 
oxide, and possibly hydrogen, leaving 
an undigestible humus-like residue. 
Development of the bacteria necessary 
to bring about these various complex 
biochemical changes takes place natu- 
rally in fresh solids kept under proper 
environmental conditions for a time. 
The digested sludge, which harbors a 
great number of the organisms neces- 
sary for the various phases of diges- 
tion, serves as seed for the digestion 
of additional raw sludge. Thus the 
process is perpetuated by the retention 
of a sufficient quantity of digested 
sludge as long as the proper environ- 
mental conditions are maintained. 
From time to time, especially re- 
cently, claims have been made _ that 
addition of cultures of bacteria, or 
of certain enzyme preparations pro- 
duced by them, promotes digestion. 
Recent claims of this nature have been 
made for a preparation called Enzy- 
matie (1), which is said to promote the 
reduction of solids and B.O.D. of sew- 
age and bring about other beneficial 
effects, such as reducing scum in septic 
tanks. A report by Bryan (3) indi- 
cates that another biological prepara- 
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tion called Bionetie, which is said to 
consist of a group of preserved living 
microorganisms, enzymes, and some 
trace minerals, when added to over- 
loaded digestion tanks, improved the 
quality of supernatant liquor in re- 
spect to suspended solids in B.O.D. 

If bacterial cultures or their en- 
zymes are to prove of any value they 
might be used in two different ways. 
First, they might be used as initial 
cultures to shorten the ‘‘working-in’’ 
period required to establish digestion. 
Second, they might be added to a tank 
in which digestion has been established, 
in order to accelerate the digestion. 
Of the two methods, the first would 
seem to be of greater promise on the 
basis of the considerations previously 
advanced. 

If such preparations accelerate the 
digestion they should prove equally 
effective whether the digestion is car- 
ried on in septic tanks, Imhoff tanks, or 
separate sludge digestion tanks. 

The purpose of this paper is to pro- 
duce experimental evidence to deter- 
mine the value of some of the biological 
preparations consisting of enzymes 
and/or bacterial cultures on the diges- 
tion of sewage solids. In addition, an 
experiment was also conducted to de- 
termine the effect of yeast addition on 
the digestion despite the fact that in 
an earlier paper (2) the senior author 
was unable to find any evidence that 
yeast accelerated anaerobic digestion. 
Experiments were conducted by adding 
these preparations to otherwise steri- 
lized or unsterilized unseeded raw 
sludge, as well as by adding them to 
properly seeded raw sludge and ripe 
sludge mixtures. 

In addition, one of the preparations 
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was added to sewage to determine 
whether an effluent with a lower B.O.D. 
could be obtained after sedimentation 
in settling or septic tanks. 


Procedures and Methods 


In the experiments dealing with the 
effect of addition of biological prepara- 
tions to ray sludge, the yardstick used 
for measuring the effect was the B.O.D. 
of the supernatant. The basie concept 
in the use of this vardstick was that in 
the absence of gasification the addition 
of the biological preparations would 
result in accelerated liquefaction-con- 
version of complex sludge solids to 
soluble and colloidal forms, which 
would register a higher B.O.D. in the 
supernatant liquor. During the com- 
paratively short periods used in these 
experiments (1 to 2 weeks) there was 
little, if any, gasification in the absence 
of ripe sludge. The products of hy- 
drolysis and liquefaction should, there- 
fore, accumulate in the liquor and 
register a higher B.O.D. than the liquor 
obtained from the control without the 
addition of the preparation. It was 
necessary to separate the sludge par- 
ticles from the supernatant. This was 
accomplished by centrifuging and filter- 
ing the sludge mixture. The experi- 
ments were conducted with both heat 
sterilized (autoclaved) and unsterilized 
fresh solids. 

In the experiments dealing with the 
effect of the addition of the prepara- 
tions to ripe and raw sludge mixtures, 
the important vardsticks used were 
gas production and solids reduction. 
The basic concept here was that whether 
the preparation consisted of enzymes 
or enzymes and bacterial cultures, the 
net effect on a possible acceleration 
should be a higher rate of gas produc- 
tion and solids reduction over a simi- 
larly prepared seeded mixture without 
the addition of biological preparation. 

Various concentrations of the prepa- 
ration were used according to the 
manufacturers’ instructions and in 
many instances in concentrations sev- 
eral times higher. 
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The following preparations were em- 
ployed: 

1. Pure preparations as follows: 

(a) Special Diastase HT Concen- 
trate. It is obtained from a special 
strain of Bacillus subtilis with con- 
siderable proteolytic activity in addi- 
tion to diastatic activity converting 
starches and glycogen to maltose. 

(b) Clarase 900. <A very concen- 
trated diastatic enzyme obtained from 
Aspergillus oryzae and similar in its 
action to the Special Diastase. 

(ce) Cellulolytic enzyme obtained 
from Rhyzopus, capable of hydrolyzing 
cellulose and pectin. 

(d) Pectinase. Stronger in its ac- 
tion on pectin than the cellulolytic 
enzyme, but free from cellulolytie ac- 
tivity. 

with a 
fats, 


(e) Panereatin, 
ing action on 
starches. 


hy drolyz- 
proteins, and 


2. Preparation A. A special enzyme 
preparation, claimed to consist of more 
than 70 enzymes belonging to the 
eroups of esterases, sulfatases, carbo- 
hydrases, amylases, amidases, and pro- 


teolytiec enzymes, for use in home septic 
tanks. 


3. Preparation B. It consists of liv- 
ing bacteria and enzymes. 
4. Baker’s yeast. 


Results 


The results obtained by the addition 
of pure enzymes to sterilized fresh 
solids are given in Table I. Two 
separate runs were made. In the first 
run, samples were taken after 12 hr. 
and after 5 days. In the second run, 
samples were taken only after 18 hr. 
The results show definite increases in 
the B.O.D. of the supernatant liquor 
after 12-hr. incubation with each of 
the enzymes used separately and with 
the combination of the five enzymes. 
The minimum increase was obtained 
with panereatin and the maximum 
with the combination of all five en- 
zymes. Greater increases in B.O.D. 


Te 
bay 
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Run 1 Run 2 


2 Hours ours 
Additive 12 Hour = 

| | Increase | Incre ase | Increase 

(Yo) yo) | | 
1. Control | 1,680 — 72 | — 4200 | — 
2. Special diastase! | 2,400 43 1,370 80 | 5,160 23 
3. Clarase! 2,430 45 1,200 57 | 5,190 24 
4. Rhyzopus enzyme! | 2,220 32 1,760 | 130 | 5,200 24 
5. Pectinase! | 2,400 43 1370 | 79 | 5,070 | 21 
6. Pancreatin! 1,890 12 1,200 | 57 | 5,190 24 
7. Combination of 5 en- 2,580 54 | 1,590 | 110 | §,380 28 

zymes? | | 


?(0.02 g. of each enzyme added per liter of fresh solids. 


were obtained after 5 days of contact production and volatile matter redue- 
than after 12 hr. with each of the en- tion yardsticks were used to compare 
zymes, although in this case there is a the effect of enzymes with a similar 
question about the validity of the mixture without the addition of en- 
B.O.D. value of the control. It is dif- zymes. A concentration of 100 p.p.m. 
ficult to account for the deerease in the of the Special Diastase and a total con- 
B.O.D. value of sterile fresh solids upon centration of 100 p.p.m. of the mixture 
incubation for 5 days. It is reasonable of all five enzymes, as reported in 
that the B.O.D. remained unchanged, Table I, was used. Gas production 
and on this basis there should be little was measured daily for a period of 39 
difference between the control and the days and initial and final solids and 
enzymes after 5 days. In the second volatile matter contents were deter- 
run, significant but not quite as high mined, from which the reduction of 
increases were obtained after 18-hr. volatile matter during the period of 
contact as in the first run after 12-hr. digestion was calculated. The results 


contact. 
The results of the addition of en- TABLE II.—B.O.D. of Supernatant Liquor 
zymes to the unsterilized fresh solids from Fresh Solids' 
are given in Table II. There was no ~ | a : 
significant inerease in the B.O.D. of 
the supernatant after 18-hr. contact | | | 
in the first run with any of the en- 
zymes or the combination of all five 
enzyme additions. In the second run, | | 4.30 
only diastase and clarase gave appre- 3. Clarase? 4.500 —13 | 1,640 +14 
ciable increases in the B.O.D. after 18 4. Rhyzopus en- 5,220 01,440) 0 
hr., but none of the other enzymes or zyme* 
the eave an 5,460 | +5 +6 
6. Pancreatin? | 5,340 | +2) 1,500) +4 
increase. 7. Combination of | 4,980! —5 | 1,530 | +6 
Another method of approach was 5 enzymes* | | | | 
used to determine the effect of these - 
pure enzymes on the digestion of sew- ' After 18-hr. contact. ; 
age sludge. In this ease the enzymes sane g. of enzyme added per liter of fresh 


were added to a properly seeded fresh 30.02 g. of each enzyme added per liter of 
solids ripe sludge mixture and the gas fresh solids. 


. 
Vol. 25, No. 11 1261 
TABLE I.—B.O.D. of Supernatant in Sterile Fresh Solids aS, 
AN 
P 
5, 
y 
j ‘0.1 g. of enzyme added per liter of fresh solids. os oe 
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TABLE III. 


Additive 


Cone 
p.p.m.) 


Control 
Special diastase enzyme 
Mixture, 5 different enzymes 


100 
100 


! Digestion period, 39 days 
? Initial pH 6.2. 


(Table IIT) show that the additions of 
enzymes did not increase the gas yield 
or affect the volatile matter reductions 
and pH values. 

The results obtained with the addi- 
tion of proprietary preparation A are 
given in Table IV. The 50 mg. of the 
preparation added to 1 1. of sterilized 
or non-sterilized fresh solids represent 
a greater concentration than recom- 
mended by the manufacturer. The 
B.0.D. obtained in the supernatant 
after 1, 2, 4, and 7 days contact was 
compared with the corresponding con- 
trols similarly treated except for the 
addition of enzyme. The results show 
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Effect of Addition of Pure Enzymes on the Gas Production and Volatile Solids 
Reduction of Seeded Sewage Sludge Mixtures 


Volatile 


Cas! Reduction 


(ml g vol 


that the B.O.D. of the liquor obtained 
from sterile fresh solids fluctuated dur- 
ing 7-day incubation slightly within 
the experimental error. The corre- 
sponding values obtained from the 
sterilized fresh solids to which the 
enzyme preparation was added were 
not materially different from the corre- 
sponding controls. Similarly, in the 
unsterilized series the addition of en- 
zyme preparation did not give a sig- 
nificant change in the B.O.D. of the 
supernatant over the control. 

The results from a similar study with 
the addition of a preparation B (Table 
V) show no significant difference in 


TABLE IV.—Effect of Addition of Enzyme Preparation A on the B.O.D. (in P.P.M.) 
of Supernatant Liquor from Fresh Solids 


Substrate 


. Fresh sterile solids 
. Fresh sterile solids + 50 p.p.m. Prepa- 
ration A 
3. Fresh solids 
4. Fresh solids + 50 p.p.m. Preparation A 


Digestion Period 


TABLE V.—Effect of Addition of Culture Preparation B on the B.O.D. (in P.P.M.) 
of Supernatant Liquid from Fresh Solids 


. Fresh solids 

2. Fresh solids + 2,700 p.p.m. Preparation B 

3. Fresh sterile solids 

4. Fresh sterile solids + 2,700 p.p.m. Prepa- 
ration B 


Digestion Period 
2 Days 


5 Days 8 Days 


6,240 
6,420 
5,880 
5,400 


6,480 
5,400 
5,880 
6,000 


6,840 
6,090 
5,460 
5,850 
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| 

| | | pa %) 

Type | ( 

be 635 7.0 37.0 

650 7.1 35.0 

el | 626 7.0 37.0 

aS 1 Day 2 Days 4 Days 7 Days oi 

a 5,235 5,130 5,100 5,370 

5,235 4,890 | 5,070 5,370 

ue 5,070 6,270 5,580 5,940 

4 5,190 5,535 5,760 | 5,970 

— = = 

; | 

| 
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TABLE VI.—Rate of Oxidation of Supernatant Liquor from Fresh Solids (in P.P.M.); 
8-Day Contact 


Substrate 


Fresh solids 


470 2,880 3,210 3,930 4,800 
Fresh solids + Preparation A 615 2,940 3,120 3,960 4,950 
Sterile solids 610 2,800 — 4,170 4,650 
Sterile solids + Preparation A 900 2,750 2,820 3,870 4,880 


the B.O.D. of the supernatant due to the additions. It does not appear, 
the addition of the preparation with therefore, that the rate of oxygen 
the sterilized and unsterilized fresh utilization is increased materially as a 


solids during the course of 8-day incu- 
bation. 


result of treating the sludge with this 
preparation. 


It was thought possible that the 
addition of the preparations might in- 
crease the rate of oxygen consumption 
in the B.O.D. bottles during the initial 
periods of ineubation without neces- 
sarily increasing the 5-day B.O.D.’s. 
Accordingly, B.O.D. determinations 
were made after 0.5, 1, 3, and 5 days of 


To 600 ml. of fresh solids containing 
20 g. of volatile matter, 20 g. of yeast 
were added. The control consisted of 
a similar volume of fresh solids with- 
out veast. In addition, 20 g. of yeast 
suspended in water were also used. 
These three preparations were incu- 
bated at 20° C. for 56 days with daily 


incubation on the supernatant liquors gas measurements. The results are 


obtained in sterile and unsterile fresh summarized in Table VII. The gas 
solids after 8 days of contact with the yield is expressed on the basis of 
enzyme. The results (Table VI) in- volatile matter of fresh solids. A some- 


dicate that the B.O.D. exerted with 
0.5-day incubation was somewhat higher 
in the supernatant liquor obtained 
after addition of preparation A_ to 
sterile and non-sterile fresh solids than 
the corresponding supernatants to 
which no such additions were made. 
But the B.O.D. values obtained with 
1-, 1.5-, 3-, and 5-day incubation periods 
were the same in the controls as with 


what greater volume of gas is obtained 
from the fresh solids to which yeast 
was added than from the fresh solids 
alone. The yeast alone produced a 
considerable volume of gas. When the 
volume of gas produced from the yeast 
itself is subtracted from the fresh solids 
yeast mixture, the gas yield from the 
fresh solids portion of this mixture is 
not appreciably higher than the fresh 


TABLE VII. —Effect of Yeast on the Digestion of Fresh Solids 


Fresh Solids | 


Fresh Solids Yeast Alone 


Plus Yeast 

Digestion time (days) 56 | 56 ‘56 
Gas (ml./g. vol. in fresh sol.) 27.5 68 36 
pH, initial 5.3 5.3 — 
pH, final 4.6 5.0 5.7 
Dry solids, initial (%) 4.40 | 7.73 3.33 
Dry solids, final (%) 2.86 3.34 1.09 
Vol. sol. dry basis, initial (%) 75.5 86.4 88.0 
Vol. sol., dry basis, final (%) 70.3 74.6 86.7 
Vol. sol. wet basis, initial (%) 3.32 | 6.65 2.96 
Vol. sol. wet basis, final (%) 2.01 2.49 0.95 
Vol. matter reduction (°%) 39.5 | 62.5 67.5 
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TABLE VIII.—Effect of the Addition of 
Enzyme Preparation A on the B.O.D. 
of Sewage (in P.P.M.) 


Digestion Period 


Additive |——— 


0 Day | 1 Day |2 Days | 4 Days | 6 Days 


Control | 155 | 160 | 
50 p.p.m. | 160 | 144 | 156 
100 p.p.m. | 168 | 153 | 165 


solids digesting without yeast addition. 
The pH value of the fresh solids-yeast 
mixture was somewhat higher after 53 
days than in the fresh solids alone. 
The changes in the solids and volatile 
matter contents of the fresh solids with 
and without yeast additions and of the 
yeast alone are also given in Table VII. 
The solids content of the yeast alone 
decreased greatly, resulting in a 67.5 
per cent reduction in volatile solids, 
which probably accounts for the higher 
volatile solids reduction of the fresh 
solids-yeast mixture than the control. 
In other words, it does seem likely that 
the addition of yeast resulted in a 
gvreater reduction of volatile matter in 
fresh solids. 

In order to determine the effect of 
enzyme preparation A on the claimed 
reduction in the B.O.D. of sewage upon 
passage through septie tanks, an ex- 
periment was conducted by adding 50 
and 100 p.p.m. of this preparation to 
settled sewage and storing it under 
quiescent conditions for 6 days at 
20° C. At intervals, samples of su- 
pernatant were withdrawn without mix- 
ing the contents of the vessel, and 5- 
day B.O.D. determinations were made. 
The control consisted of a sample of 
the same sewage handled in a similar 
way except for the addition of enzyme 
preparation. The results (Table VIII) 
give no indication that the addition of 
enzyme preparation resulted in any 
improvement in the B.O.D. of the sew- 
age up to 6 days of storage. 


Discussion 


The addition of biological prepara- 
tions, such as enzymes or bacterial and 
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yeast cultures, to promote the digestion 
of sludge in septic tanks or sludge di- 
gestion tanks, would be of value in 
starting new tanks or in accelerating 
digestion of overloaded tanks if there 
was proof of their beneficial effect. 
There are, however, three lines of evi- 
dence against such a possibility. They 
are based on theoretical, practical, and 
experimental considerations. 

On an a priori theoretical basis, the 
use of enzymes does not offer a promis- 
ing outlook. There is no doubt that 
hydrolysis of disaecharide, such as 
sucrose, to glucose can be brought 
about by  bacteria-free enzyme in- 
vertase; of starch into glucose by 
diastase; of proteins by a number of 
proteolytic enzymes; and of fats by 
lipolytic enzymes. In fact, in certain 
cases, such as when recovery of the 
products of hydrolysis is the objective, 
there is a distinct advantage in bring- 
ing about the transformation by en- 
zyme preparations rather than bacte- 
rial cultures, because the latter would 
carry the transformation to completion 
to the final end products. It is gen- 
erally true that of the two types of 
reactions—bacterial and enzymatic— 
the latter is less efficient than the 
former. The question arises as to why 
these hydrolytie exo enzymes, when 
secreted into the medium by the living 
bacteria in culture, should be more 
efficient than the same enzymes in 
bacteria-free substrate. 

The reasons for this phenomenon are 
complex and technical. Enzymes as 
true catalysts should theoretically not 
be consumed by the processes they 
bring about and should be regenerated 
so that starting with a given quantity 
of an enzyme the process should go to 
completion without their utilization or 
destruction. In bacteria-free prepara- 
tions this may be true to a certain ex- 
tent, although even under this condi- 
tion the rate of reaction is not as high 
as with bacterial cultures because (a) 
certain enzymes, such as trypsin, in- 
activate themselves; (b) enzyme reac- 
tions are reversible and the products 
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formed, which in bacteria-free enzyme 
reactions would naturally accumulate, 
bring the reaction to a stop by virtue 
of the equilibrium concentration estab- 
lished; and (¢) each enzyme has its 
own optimum pI value. In the pres- 
ence of mixed bacterial cultures the in- 
activation, utilization, and destruction 
of the added enzymes would be greater 
than in pure enzyme reactions. 

The foregoing discussion has been 
from the standpoint of pure enzyme 
reactions in substrates containing rela- 
tively soluble organic com- 
pounds. In sewage sludge such com- 
pounds do not exist in a similar state 
of subdivision. There are no soluble 
sugars, starches, and proteins, but 
rather complex polysaccharides, cel- 
lulose, proteins, and fats associated 
with suspended large particles. Since 
hydrolytic enzyme reactions are sur- 
face contact phenomena, it can readily 
be seen why an enzyme preparation 
cannot bring about as efficient a reac- 
tion when added to the substrate con- 
taining coarse solids. In the case of 
hydrolysis brought about by bacterial 
cultures with coarse suspended parti- 
cles, bacteria can and often do attach 
themselves to these particles and secrete 
the enzymes tn situ to hydrolyze and 
solubilize these particles in preparation 
for diffusion into and assimilation by 
the cells. An illustration of this is the 
attachment of bacteria to cellulose 
fibers. Under such a condition the hy- 
drolysis can be brought about more effi- 
ciently by bacteria-secreted enzymes 
than if the enzyme preparations were 
added to the suspension of fiber. In 
this way not only a greater concentra- 
tion of enzyme is obtained at the site, 
but also a continuous production of 
enzyme from the potential reservoir 
of bacterial cell. The products formed 
from bacteria and the enzyme system 
could diffuse readily into the cell with- 
out accumulating in the substrate and 
thereby slowing up the reaction. Fur- 
thermore, the inactivation of the en- 
zyme would not play a role, as there 
will be a continuous production of the 


simple 
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enzyme. There is also the fact that 
in many of these hydrolysis reactions 
with complex organic materials there 
is involved more than one enzyme, 
which the bacteria produce readily in 
proper sequence for the specific reac- 
tions, whereas in the arbitrarily se- 
lected enzyme preparations some of 
the important enzymes required may 
be overlooked. 

Normally the hydrolysis phase of 
the complex organic materials in the 
presence of bacteria proceeds rapidly 
and does not constitute the rate con- 
trolling factor. It is, rather, the dif- 
fusion into and the breakdown and 
assimulation of the products of hy- 
drolysis within the cell that is the 
slower and rate controlling reaction, 
and the addition of extra-cellular en- 
zymes into a substrate by no means 
can accelerate this phase nor can this 
phase be brought about by extra-cellu- 
lar enzymes in the absence of living 
cells. 

The addition of bacterial culture 
preparations could not result in ma- 
terial improvement in digestion for the 
following @ priori reasons: 


1. All the bacteria necessary for the 
digestion are present in the raw solids. 

2. These bacteria are normally few 
in number in the raw solids, but they 
multiply and establish themselves un- 
der favorable environmental condi- 
tions. 

3. Even during the initial period 
prior to the establishment of flora re- 
sponsible for digestion, the addition of 
cultures of bacteria normally does not 
result in shortening the period of 
maturation and adjustment unless 
proper environmental conditions are 
established, and if these conditions are 
at an optimum the rapid rate of multi- 
plication of the bacteria normally pres- 
ent in the raw sludge could establish 
the necessary flora without the aid 


of artificial additions of cultures. In 
other words, one can add a great num- 
ber of bacteria artificially, but unless 
the conditions are conducive for their 
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multiplication, the benefit derived will 
be negligible and if the environmental 
conditions are at an optimum the or- 
ganisms present in the raw sludge 
multiply and establish the necessary 
flora. The important consideration is 
the multiplication of the bacteria, 
with the resultant biochemical activity, 
rather than the existence of a large 
number of bacteria. Furthermore, it 
is unlikely that the diverse bacteria 
necessary for the digestion are included 
in the artificial culture, because so far 
the exact types of organisms involved 
in the digestion have not been isolated 
or studied. 

Practical considerations also work 
against the use of enzyme and bae- 
terial preparations. In a septic tank 
the additions of enzymes or bacteria 
are generally made to the sewage be- 
fore entering the tank. Since these 
preparations are in a highly dispersed 
state, it is very probable that the ma- 
jor portion will pass out of the tank 
and will not settle to the sludge zone 
where the digestion takes place. In 
order to bring these preparations in 
contact with the sludge, either the en- 
tire tank contents have to be dis- 
turbed by mixing, which is contra- 
dicted from the standpoint of septic 
tank operation, or some means have to 
be found to introduce and distribute 
these preparations in the sludge zone. 
At the time when the tank is cleaned, 
these preparations might be placed in 
the bottom of the tank in solid form 
with the expectation that they might 
take effect as the new sludge is de- 
posited. But even under these condi- 
tions the sewage flow would cause dis- 
persion and solution, with the resultant 
loss into the effluent. It would seem 
more practical to leave some of the old 
sludge in the tank instead of com- 
pletely removing it, and to rely on the 
seeding value of this sludge. With 
newly installed tanks, unless some 
sludge can be obtained from another 
tank in which digestion has been estab- 
lished, reliance should be placed on the 
natural seeding and establishment of 
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the flora. These practical difficulties 
do not apply to the addition of en- 
zyme and bacterial preparation to sepa- 
rate sludge digestion tanks. Here, the 
preparations can presumably be added 
with the raw sludge fed, with the ex- 
pectation that they will be distributed 
within the tank, if they can be proved 
beneficial in the digestion of over- 
loaded tanks or in shortening the pe- 
riod for the establishment of digestion 
in a new tank. The loss of the added 
preparations with the supernatant 
liquor withdrawn would be of minor 
importance. 

What then is nature of the experi- 
mental evidence demonstrating the 
value of the various preparations for 
which certain claims have been made? 
The evidence available in the pub- 
lished literature rather incon- 
clusive and is not based on rigidly 
controlled experimental work. The re- 
sults presented in this paper on the 
basis of controlled comparisons does 
not show any evidence of improvement 
due to the addition of any enzymes, 
preparations of enzymes, bacterial cul- 
tures, and yeast to sterile and non- 
sterile fresh solids and to sewage, with 
a single exception. The exception is 
the indicated higher B.O.D. values of 
supernatant liquor when pure and 
strong enzyme preparations were 
added to sterile fresh solids. On the 
other hand, when these same enzymes 
were added to the unsterilized fresh 
there was no increase in the 
B.0O.D. of the supernatant. It shows 
that when bacteria and their enzymes 
are destroyed it is possible to get lique- 
faction of the complex organic ma- 
terials by the use of artificially added 
strong enzymes; but in the presence of 
bacteria and their enzymes, as found 
in fresh solids, artificial addition of en- 
zymes does not increase liquefaction. 
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Summary and Conclusions 


A series of experiments was run by 
the addition of pure enzymes, enzyme 
and bacterial culture preparations, and 
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yeast, to determine their effect on the 
liquefaction of sterile and non-sterile 
fresh solids by using the increase of 
B.O.D. in the supernatant liquor as a 
yardstick. An additional experiment 
was run to check the claim that the 
addition of enzymes improves the qual- 
ity of the effluent from septic tanks. 
The results obtained lead to the follow- 
ing conclusions: 


1. The addition of pure enzymes, 
enzyme and _ bacterial preparations, 
and yeast, does not increase the lique- 
faction of non-sterile fresh solids as 
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measured by the B.O.D. of the super- 
natant liquor. 

2. The addition of pure enzymes to 
sterile fresh solids increases the B.O.D. 
of the supernatant liquid. 

3. The addition of enzyme and bac- 
terial preparations to non-sterile fresh 
solids does not result in an increased 
liquefaction as measured by the B.O.D. 
of the supernatant liquid. 

4. The addition of an enzyme prepa- 
tion to settled sewage did not result in 
increased stabilization and did not in- 
dicate an increase or decrease of B.O.D. 
after storage up to 6 days. 
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BIOCATALYSTS AND WASTE DISPOSAL 


II. Effect on Activated Sludge * 


By Ross E. McKinney ¢ AND LEON POLIAKOFF 


Department of Sanitary Science, Southwest Foundation for Research and Education, 
San Antonio, Tez. 


In an effort to improve the operation 
of organic waste disposal systems, sev- 
eral biocatalysts have been introduced 
on the market. The biocatalysts are de- 
signed to increase the efficiency of exist- 
ing plants and to solve various opera- 
tional problems. Aside from technical 
bulletins issued by the manufacturers, 
very little information has appeared as 
to the merit of these biocatalysts. It is 
the purpose of this paper to present lab- 
oratory data as to the effect of two types 
of biocatalysts on activated sludge sys- 
tems. 


Previous Work 


The use of the two types of biocata- 
lysts examined in this study is not new. 
Ever since it was shown that biochemi- 
cal reactions were catalysed by en- 
zymes, investigators have speculated 
over pure enzymic treatment of sew- 
age. One of the first efforts towards 
adding pure enzymes to an activated 
sludge system was tried by Rudolfs 
(1). His experiments were all nega- 
tive and had a considerable effect on 
future studies involving enzymic treat- 
ment. The majority of investigations, 
as pointed out in the previous paper 
(2), dealt with a study of the various 
enzyme systems already present in ac- 
tivated sludge and other waste disposal 
processes. 

Similar studies have been made con- 
cerning the use of pure culture bac- 
teria by such investigators as Butter- 


* Presented at 1953 Texas Water, Sewage, 
and Industrial Wastes Short School, College 
Station, Tex.; March 8-12, 1953. 

+ Present address: Dept. of Civil and Sani- 
tary Engineering, Massachusetts Institute of 
Technology, Cambridge, Mass. 


field (3)(4), Ruchhoft et al., (5) (6) 
(7) and MeKinney and Horwood (8). 
Their investigations have all shown 
that pure cultures of bacteria are not 
as efficient as mixed cultures of bae- 
teria, such as are found in sewage or 
in soil suspensions. But there is still 
speculation, as voiced by Fischer (9), 
that some day it might be possible to 
find combinations of certain strains of 
organisms that will operate more effi- 
ciently alone than in the combinations 
which predominate in present systems. 


Materials and Methods 


The two types of biocatalysts used 
in these experiments were concentrated 
bacteria, marketed as Bionetic, and 
concentrated enzymes, marketed as 
Enzymatic. Evaluation of the bio- 
catalysts was based on the following: 


1. The rate at which biochemical 
equilibrium was established in a new 
system. 

2. The rate at which the B.O.D. of 
the waste was removed at equilibrium. 

3. The variations in the biologieal 
character of the floe in the different 
systems. 

4. The economics of the use of the 
biocatalysts. 


Three substrates were  tested— 
namely, a synthetic sewage, a raw sew- 
age, and a synthetie industrial waste. 
These substrates permitted study of a 
wide range of conditions and loadings. 
The additions of the biocatalysts to the 
activated sludge systems were made at 
each feeding. It was impossible to add 
the dosages of Enzymatic as recom- 
mended by the manufacturer, because 
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- TO WASTE 


FIGURE 1.—Schematic diagram of acti- 
vated sludge system simulated by labora- 
tory units. 


such small quantities could not be 
weighed accurately. As a result, the 
dosage of Enzymatic was approxi- 
mately 100 times the recommended dos- 
age. No information was available as 
to the dosage of Bionetics. To facili- 
tate laboratory procedures, the dosages 
of both biocatalysts were made the 
same. 

In order to simulate normal acti- 
vated sludge in the laboratory, small 
aeration units were made from 1]-gal. 
jugs. Each unit held 3 1. of mixed 
liquor and was operated in the follow- 
ing manner. At the end of each aera- 
tion period, 1 |. of mixed liquor was 
poured off and wasted. The remaining 
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2 1. were allowed to settle for 1 hr. 
before 1 1. of the supernatant was 
poured off. The desired amount of 
biocatalyst was then added in 2 1. of 
the fresh waste and aeration was 
started. At the end of the aeration 
period, this procedure was repeated. 
In this way it was possible to simulate 
an activated sludge system such as 
shown in Figure 1. 


Synthetic Sewage 


In the first series, three units were 
set up using a synthetic sewage as 
a substrate. Besides the two bio- 
catalytic units there was a control unit, 
which served as the datum for compar- 
ing the efficiencies of the other two 
units. The synthetic sewage was a com- 
pletely soluble organic substrate with 
the following formula: 


200 mg. tryptone 
200 mg. sucrose 
50 mg. potassium phosphate, dibasic 
100 mg. sodium bicarbonate 
1,000 ml. tap water 


Biologically speaking, this substrate 


300 T T T T T 
o——o CONTROL 
BIONETIC 


° 


a ENZYMATIC 


4 


6 8 10 12 


DAYS 


FIGURE 2.—B.0.D. of effluent from activated sludge units fed synthetic sewage and 


100 mg. of catalysts twice daily after 24 hr. aeration. 
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was nutritionally stable and had a 5- 
day B.O.D. of 270 p.p.m. 

All units were started by adding 1 
l. of settled San Antonio sewage and 
2 1. of synthetic sewage. To the two 
biocatalytic units 100 mg. of Enzymatic 
and Bionetic were also added. At the 
end of 24 hr. aeration, samples were 
taken for B.O.D. analyses as well as 
for microscopic analyses. The micro- 
scopie analyses indicated that consid- 
erable floc had formed. As a result, 
feedings were increased to twice a day. 
All analyses were made on the morn- 
ing samples only. The data on the 
5-day B.O.D. of the effluent (Figure 
2) indicated that equilibrium was 
reached shortly after the third day. 
Average suspended solids concentra- 
tions ranged from 340 p.p.m. in the 
control to 370 p.p.m. in both the En- 
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zymatie and Bionetic units once equi- 
librium was reached. 

On the ninth day samples were 
taken hourly and filtered to remove 
the suspended The 5-day 
B.O.D. of the supernatant was deter- 
mined; equilibrium was _ reached 
around the sixth hour for all of the 
units (Figure 3). 


solids. 


Raw Sewage 


Since the major portion of the food 
in the synthetic sewage was soluble 
organie matter, which was_ readily 
available to the bacteria, it was de- 
cided to test the biocatalysts on com- 
plex solids such as would be found in 
raw sewage. The raw sewage was ob- 
tained from the San Antonio sewage 
treatment plant at the time when the 


strongest sewage was entering the 
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FIGURE 3.—B.0O.D. of effluent from activated sludge units fed synthetic sewage and 
100 mg. of catalysts; ninth day of operation. 
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FIGURE 4.—B.0O.D. of effluent from activated sludge units fed raw sewage and 100 mg. 
of catalysts twice daily after 24 hr. aeration. 


plant. The 5-day B.O.D. of this raw 
sewage averaged 360 p.p.m. 

The units in this series were oper- 
ated in the same manner as in the 
previous series. The 5-day B.O.D. re- 
sults (Figure 4) followed similar paths 
for all the units. Equilibrium was 
reached on the third day. The sus- 
pended solids in the mixed liquor were 
definitely higher in this series than 
in the previous series. For the most 
part this was due to the complex or- 
vanic-inorganic colloids present in this 
substrate. The suspended solids in the 
mixed liquor ranged from an average 
of 750 p.p.m. in the control to 1,170 
p.p.m. in the Enzymatie unit. 

On the ninth day of aeration hourly 
samples of the mixed liquor were taken 
as in the previous series. The 5-day 
3.0.D. determinations on the filtrate 


(Figure 5) show the immediate re- 
moval of the B.O.D. of the complex 
solids quite clearly. Approximately 
two-thirds of the total B.O.D. was re- 
moved immediately. The soluble 
B.O.D. removal is reflected in the first 
part of the curves. Around the sixth 
hour, the rate of hydrolysis of the 
complex solids appears to begin to 
exceed the rate of utilization of the 
hydrolysed end products. This ae- 
counts for the rise in B.O.D. at the 
seventh hour. Once again there were 
no differences in the removal rates of 
any of the units. 


Synthetic Industrial Waste 


As a final test it was decided to in- 
crease the concentration of organic 
matter to determine if that was the 
limiting factor. A synthetic industrial 
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FIGURE 5.—B.O.D. of effluent from activated sludge units fed raw sewage and 100 mg. 
of catalysts; ninth day of operation. 


waste was prepared from canned citrus 
juice. It was found that if canned 
citrus juice was diluted with 19 vol- 
umes of water, a 5-day B.O.D. of ap- 
proximately 1,450 p.p.m. was obtained. 
The citrus juice was deficient in nitro- 
gen, SO ammonium chloride was added 
in sufficient quantity to give a B.O.D.- 
nitrogen ratio of 15:1. The waste 
was not deficient in phosphorus, but 
did require pH adjustment. A final 
pH of 6.9 was obtained in the feed 
by using phosphoric acid and sodium 
hydroxide. The plII rose on aeration 
to approximately 7.8. 

Because of the increased organic 
content of the waste, the dosages of 
Bionetic and Enzymatic in- 
creased to 500 p.p.m. The units were 
started in the same manner as in the 
two previous runs, using a sewage seed, 
and were operated in the same man- 
ner as the previous run with the ex- 
ception that waste feedings were made 
once a day instead of twice. Figure 
6 shows the 5-day B.O.D. of the efflu- 
ents as they were obtained from the 
units at the end of each 24-hr. aeration 


period. Because of the complexity of 
the waste, equilibrium was not reached 
as rapidly in these units as in those 
of the previous two series. 

As in.the previous runs, hourly sam- 
ples were taken and filtered. The 5- 
day B.O.D. was determined on the 
filtrate. Jlourly runs were made on 
both the eighth and the sixteenth days. 
The results obtained on the eighth day 
are shown in Figure 7. Although there 
appears to be a slight difference in the 
paths taken during the stabilization of 
the waste, all units reached equilibrium 
at the same time, the sixth hour. The 
suspended solids in the mixed liquor 
in these units averaged approximately 
1,300 p.p.m. The results obtained on 
the sixteenth day (Figure 8) show 
little improvement over the run on the 
eighth day. The suspended solids in 
the mixed liquor increased to 1,900 
p.p.m. 


Microscopic Examinations 


One of the most important control 
tests in a biological waste disposal sys- 
tem such as activated sludge is rou- 
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FIGURE 6.—B.0O.D. of effluent from activated sludge units fed synthetic industrial waste 
and 500 mg. of catalysts daily after 24 hr. aeration. 
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FIGURE 7.—B.0O.D. of effluent from activated sludge units fed synthetic industrial waste 
and 500 mg. of catalysts; eighth day of aeration. 
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FIGURE 8.—B.0O.D. of effluent from activated sludge units fed synthetic industrial waste 
and 500 mg. of catalysts; sixteenth day of aeration. 


tine microscopic examinations. Re- 


peated visual examination of the bio- 


logical masses permits the observer to 
evaluate the conditions of a system in 
terms of the microorganisms. It is pos- 
sible to foretell operational difficulties 
by observing changes in the microor- 
ganisms. Small changes in the 
logical floc are perceptible long before 
the changes are detectable by chemical 
analyses. 

Microscopic examination of the aeti- 
vated sludges produced in the series of 
experiments revealed that the predomi- 
nant organisms were different from se- 
ries to series, but were similar within 
a given series. The microorganisms 
produced a light floc in the synthetic 
run. It was predominantly 
composed of long-chained bacteria with 
small clumps of floe-forming bacteria. 
Vorticella were the predominate pro- 
tozoa. 

The floc formed from the raw sew- 
age was typical bacterial floe built 
around organic-inorganie colloids, with 
Vorticella as the major protozoa. With 


bio- 


sewage 


the synthetic industrial waste, the 
sludge was light, due to filamentuous 
bacteria belonging to the genus Spha- 
erotilus. The floe was composed of 
small masses of bacteria, but lacked 
the mass normally furnished by inor- 
ganic colloids, which is necessary for 
rapid settling. 


Discussion 


The laboratory units were set up 
according to the accepted biological 
principles for activated sludge. From 
the data presented, the biocatalysts 
did not alter the normal biochemical 
pattern in any of the three series of 
experiments. The use of the 
catalysts did not increase the rate at 
which the biochemical equilibrium was 
reached in a new system. The rate of 
removal of B.O.D. was not increased 
and there was no visual difference in 
the nature of the biological floc. Since 
the biocatalysts failed to increase the 
efficiency of operation of the units over 
that of the control, there was no need 
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for consideration of the economies in- 
volved. 

The normal growth of microorgan- 
isms was sufficient in the control unit 
to meet all needs as set forth by the 
three types of substrates. Bionetic, 
with its highly specialized microorgan- 
isms, did not add a sufficient number 
of new types of organisms to over- 
balance those found in the sewage used 
as seed. As to the relative number of 
organisms added by the Bionetic and 
those added by the sewage seed, there 
were approximately equal numbers. 
The hydrolytic enzymes of Enzymatic 
did not speed the metabolic reactions 
of the microorganisms in any way. In 
these systems the concentration of hy- 
drolytic enzymes was not the critical 
factor in the biochemical equilibria. 

Thus it can be seen that if an acti- 
vated sludge system is designed and 
operated according to definite bio- 
chemical principles, there will not be 
any need for biocatalysts. Unfortu- 
nately, all of the biochemical principles 
concerning activated sludge are not 
known. There is a definite need for 
more research on the fundamental na- 
ture of activated sludge, as well as of 
all other forms of biological waste 
treatment systems. As new informa- 
tion is uncovered, it must be evaluated 
and made available to the engineer. 
All too often the engineer designing 
a biological waste treatment plant does 
not have a clear understanding of the 
biological phenomena taking place. 
And once the plant is constructed, op- 
eration often is intrusted to a tech- 
nician who is completely unaware of 
the biological nature of the system he 
controls. Research must show the en- 
gineer that the biological waste treat- 
ment system must be designed from 
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the biological aspect first and the 
structural and hydraulic aspect second, 
and both must show the municipalities 
and industries that the efficiency of 
operation can never exceed the knowl- 
edge and skill of the operator. 


Summary 


The results of the study reported 
here have shown the following: 


1. The use of such biocatalysts as 
concentrated bacteria or concentrated 
enzymes did not increase the rate at 
which biochemical equilibrium was 
reached in a new activated sludge sys- 
tem over that of a sewage seeded con- 
trol system. 

2. The biocatalysts did not increase 
the rate of B.O.D. removal once equi- 
librium was reached. 

3. There was no difference in the bio- 
logical nature of the sludges produced 
by the biocatalysts and those produced 
by the sewage seeded control. 

4. As long as an activated sludge 
system is designed and operated ac- 
cording to biological principles, the 
use of the biocatalysts studied will not 
increase the efficiency of plant opera- 
tion. 
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HANDBOOK OF BIOLOGICAL REFERENCES 


An invaluable aid to those concerned 
with the biological phases of the field 
is the new ‘‘Handbook of Selected 
Biological References,’’ recently pub- 
lished by the U. S. Public Health 
Service. 

Designated as Public Health Serv- 
ice Publication No. 214, Public Health 
Bibliography Series No. 8, the 66-page 
handbook contains selected biological 
references on water pollution, sewage 
treatment, water treatment, and organ- 
ism identification. The references 
have been selected largely on the basis 
of their availability and their poten- 
tial usefulness to those not trained pri- 
marily in biology. 
not included. 

Ease of use is a foremost quality of 


Marine waters are 


the handbook, as the references have 
been grouped under process headings 
in the cases of sewage and water treat- 
ment, and under suitable organism 
types in the case of water pollution 
control programs. References on organ- 
ism identification are grouped under 
general headings and then under spe- 
cifie headings so as to expedite identifi- 
cation work. The entire compendium 
is not intended for use by the expert 


biologist, but by sanitary engineers. 


chemists, and bacteriologists dealing 
with the broad fields mentioned. 

The handbook is available from the 
Superintendent of Documents, U. S. 
Government Printing Office, Washing- 
ton 25, D. C., at a price of 30 cents 
per copy. 
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TREATMENT OF WATER AND SEWAGE BY 
IONIZING RADIATIONS * 


By Cecit G. DuNN 
Department of Food Technology, Massachusetts Institute of Technology, 
Cambridge, Mass. 


The purpose of the study reported 
here was to obtain data regarding the 
action of gamma rays from a kilocurie 
Co” source on the bacteria found in 
water and sewage. Experiments were 
also conducted with the cathode radia- 
tion produced by a Van de Graaff type 
of generator at high voltages. 

Co®’ may be produced readily in 
kilocurie amounts in atomic piles. This 
radioactive material, a ‘‘mock’’ fission 
source, is convenient to study because 
of its known energy characteristics. 

The germicidal action of high voltage 
X-rays and cathode rays, produced by 
a Van de Graaff generator, on a wide 
variety of microorganisms, including 
pathogens and non-pathogens, spore- 
formers and non-spore-formers, bac- 
teria, yeasts, and molds has been stud- 
ied by Dunn and associates (4) (9) (3) 
and others. Proctor et al. showed that 
spices (11), sheep casings, and other 
products (12) (13) may be sterilized by 
cathode rays produced at super volt- 
ages. As a matter of fact, it appears 
to be possible to sterilize almost any 
material with cathode irradiation. Hu- 
ber (7) and Brasch and Huber (1) 
sterilized pharmaceutical and food 
products by cathode irradiation pro- 
duced by a Capacitron. For further 
information along these lines, reference 
is made to the reviews by Proctor and 
Goldblith (12) (13). 

Studies with Co® on microbes and/ 
or food products have been carried out 


* Contribution No. 142 from the Depart- 
ment of Food Technology, Massachusetts In- 
stitute of Technology. 


1 


by Proctor (10), Gaden (6), Lawrence 
(8), and Brownell (2). 


Materials and Methods 


A 1,000-curie Co® source available 
in the Department of Food Technology 
at the Massachusetts Institute of Tech- 
nology was used in this research. It 
was supplied to the Department 
through the Brookhaven National Lab- 
oratory. An approximate dose of 2,000 
roentgens per minute was produced by 
the source during the period of this 
investigation. The energy of its 
gamma radiations amounts to 1.115 
and 1.317 megaelectronvolts, respec- 
tively, and of its beta radiation to 
0.308 megaelectronvolts. Its half life 
is 5.3 years (5). 

The kilocurie Co® source was cali- 
brated by colorimetric and chemical 
means as described by Proctor and 
Goldblith (14). The Van de Graaff 
accelerator was calibrated by ioniza- 
tion techniques which have been dis- 
cussed by Trump, Wright, and Clark 
(17). The doses given are averages of 
absorbed energy, wherein r.e.p. 
equals 83 ergs absorbed per gram. 

Views of the kilocurie Co* source 
and the apparatus developed by Proc- 
tor and associates to handle samples 
are shown in Figures 1, 2, and 3. 

Five-milliliter portions of the sam- 
ples were placed aseptically in steri- 
lized ampules and the latter were sealed 
before irradiation. Control samples in 
ampules were held at room tempera- 
ture and iced in a refrigerator. 

The cathode ray source was a Van 
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FIGURE 1.—Side elevation of vault for irradiation with Co”. 


de Graaff type of generator, which has 
been described by Trump and associ- 


ates (15)(16). 
megavolts. 

Five-milliliter portions of the sam- 
ples were placed sterilized 
dishes and covered with aluminum foil. 
Samples were irradiated on a moving 
belt. Doses of 250,000, or less, r-.e.p. 
were usually applied in 1 sec., and 
than this amount and 
up to 2,000,000 r.e.p. were applied in 
10 see. or less. 

All plating was done in duplicate to 
quadruplicate with Bacto nutrient 
agar. Incubation was at 37° C., usu- 
ally for 24 hr. 


It was operated at 3 


elass 


doses of more 


Results 

Data concerning the effect of ioniz- 
ing radiations produced by the Co%° 
and cathode ray sources on the baec- 
teria found in samples of water and 
sewage are given in Tables I and II. 

Referring to Table I, it will be ob- 
served that from 88.3 to more than 
99.9 per cent of the bacteria were de- 
stroyed within 25 min. by the kilocurie 


Co” source, and that from 95.4 to 
more than 99.999 per cent were de- 
stroyed within 125 min. During the 


25-, 50-, and 125-min. periods of ir- 
radiation, doses of approximately 
50,000, 100,000, and 250,000 roentgens, 
respectively, were applied to the sam- 
ples. 

Data not contained in Table I indi- 
cate that sterility was usually obtained 
with the application of doses of less 
than 1 X 10° roentgens and was al- 
ways obtained with doses of less than 
1.7 X 10° to 2 10° roentgens. 

Referring to Table II, it will be seen 
that from 92.3 to 99.997 per cent of 
the bacteria in the water and sewage 
samples were destroyed by the appli- 
cation of doses of cathode rays amount- 
ing to 100,000 r.e.p. and sterility was 
obtained by the application of doses 
of less than 1,000,000 r.e.p. in every 


case, 
Discussion of Results 


It is apparent from the foregoing 
that ionizing radiations, whether they 
be cathode rays or gamma rays, may 
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FIGURE 2.—General dimensions of lead pig container for Co” irradiation source. 


TABLE I.—-Effect of Co’’ on Water and Sewage Samples 


Percentage Reduction in Bacteria per Ml. Due to 

Bacteria Treatment with Co® for 
Sample in Control 
(no. mil.) 


25 min 50 min 125 min 


Tap water (1) ; 93.4 96.7 96.7 
Tap water (2) . 88.5 90.5 95.4 
River (1) — — 99.8 
River (2) 77 QY.97 99.99 99.999 + 
Swimming pool 57 88.3 94.4 99.7 
(outdoors) 

Sewage (1) | — 99.997 99.999 + 
Sewage (2) 180,000,000 99.80 99.999 + 99.999 + 
Sewage (3) 240,000,000 99.97 99.96 99.999 + 
Sewage (4) 11,500 90.4 97.2 |} 99.9 
Sewage (5) 25,000,000 99.95 99.97 99.993 
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TABLE II.—Effect of Cathode Radiation on Water and Sewage Samples 
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Charles R. 


Sewa ge 


1,600 
4,000,000 


99.75 
99.997 


Trradiated at 3 megavolts; 


be employed either to substantially re- 
duce the microbial content of 
and sewage or to sterilize them. 

The kilocurie Co*® used in 
these laboratory experiments acts too 


water 


source 


TE SAMPLE 
R 


FIGURE 3.—Arrangement for irradiating 
samples with Co”. 


Percentage Reduction in Bacteria per Ml. Due to Irradiation with 


Bacteria 
Sample |} in Control | 
(no./ml.) | 100 & 10 250 x 
| | r.e.p 
Deep well i3 | 92.31 
Souhegan R. | 600 98.33 


99.69 
99.94 


10 500 10 | 1,000 * 108 | 2,000 * 108 
r.e.p r.e.y r.e.p r.e.p. 
100.00 | 100.00 100.00 100.00 
99.85 | 100.00 100.00 
99.94 100.00 100.00 
99.9997 99.9999 +- 100.00 100.00 


all samples treated in 10 sec. or less. 


slowly to be of practical importance 
in the terminal disinfection of water 
and sewage at the present time. 
However, it is conceivable that should 
sufficient waste fission 
products, which Co* simulates as a 
souree of 


stockpiles of 


radiation, become 
available, means could be provided for 
continuously circulating such fluids 
through long and circuitous paths with 
resultant and more rapid sterilization. 

Cathode radiation provides a rapid 


gamma 


and reliable method for purifying wa- 
ter and other products. Earlier work 
by Dunn and associates (4) supports 
this conclusion in to cathode 
radiations. 


respect 


Conclusions 


Water of low and high bacterial 
content and sewage samples contain- 
ing millions of bacteria per milliliter 
may be sterilized by the ionizing radia- 
tions from Co® and Van de Graaff ea- 
thode ray sources. 
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STATISTICAL QUALITY CONTROL IN WASTE 
TREATMENT 


By M. Farrauu 


Public Health Engineer, Bureau of Sanitary Engixeering, State Board of Health, Madison, Wis. 


“There is no such thing as constancy 
in real life. There is, however, such a 
thing as a constant-cause system. The 
results produced by a constant-cause 
system vary, and in fact may vary over 
a wide band or a narrow band. They 
vary, but they exhibit an important 
feature called stability. Why apply the 
terms constant and stability to a cause 
system that produces results that vary? 
Because the same percentage of these 
varying results continues to fall be- 
tween any given pair of limits hour 
after hour, day after day, so long as the 
constant-cause system continues to 
operate. It is the distribution of re- 
sults that is constant or stable. When 
a manufacturing process behaves like a 
constant-cause system, producing in- 
spection results that exhibit stability, 
it is said to be in statistical control. 
The control chart will tell you whether 
your process is in statistical control 


Constant-Cause Systems 


It has already been shown that the 
amount of pollutants in sewage and 
industrial wastes, and the treatment of 
such wastes, behave like constant- 
cause systems, by having normal fre- 
quency distribution. Velz (2) showed 
that the amount of suspended solids in 
raw sewage at Buffalo, N. Y., exhibited 
a normal frequency distribution for 
certain periods of time, as did the daily 
per cent reduction of suspended solids. 
Ickenfelder (3) showed that the oxy- 
gen demand rate of activated sludge 
treatment of cannery waste exhibited a 
normal frequency distribution. Hal- 
vorson (4) showed a bi-modal frequency 


distribution of pounds of B.O.D. per 
1,000 Ib. live weight in packinghouse 
wastes. This is an indication of more 
than one constant-cause system. Velz 
(2) also showed the existence of more 
than one constant-cause system or 
universe and how to differentiate be- 
tween them. Fairall (5) has shown 
that the percentage of B.O.D. remain- 
ing in settled trickling filter effluent 
shows a normal frequency distribution 
for constant dosage rates. 

When other trickling filter perform- 
ance data are plotted on normal prob- 
ability paper the frequency distribution 
is normal. The fraction of B.O.D. 
remaining in the settled (quiescent 
cylinder for 1 hr.) trickling filter 
effluent, n, as calculated from the data 
for the tests run on the Neosho, Mo., 
filters (6), is plotted in Figure 1. A 
summary of the pertinent data and 
statistical information is presented in 
Table I. 

From Figure 1, it may be noted that 
the performance of the filter, as meas- 
ured by the fraction of B.O.D. remain- 
ing, showed a normal frequency distri- 
bution, even with the variation in 
dosing rate. When similar data are 
plotted for the Coldwater, Ohio, milk 
waste treatment filter (7) the normal 
frequency distribution is observed. 


Statistical Quality Control 


In statistical quality control the 
average or mean value is designated as 
X. The control limits are set up as 
X +3 ox, where ox is the standard 
error of the mean. If the distribution 
is roughly normal, approximately 0.27 
per cent of the plotted data will fall 
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outside the control limits. Under any 
and all circumstances less than 11.1 
per cent of the plotted data will be out- 
side the control limits. Therefore, if a 
point falls outside the 3 ox control 
limits, it can be said that the process is 
out of control statistically and there is 
an assignable cause for the variation; 
that this is not a constant-cause system. 
However, for points falling inside the 
limits—that is, while the process is in 
control statistically—it may only be 
said that, for practical purposes, it pays 
to act as if no assignable causes of 


FIGURE 1.—Observed frequency of remaining B.O.D. fractions in Neosho, Mo., 
filter effluent. 


TABLE I.—Summary of Neosho, Mo., Test Results 


variation are present. Many manu- 
facturing operations are now operated 
on this basis (8). As long as the proc- 
ess is in control it is not economically 
worthwhile to hunt for causes of vari- 
ation in the process. 


Control Charts 


The statistical quality control method 
of studying operating data is by means 
of control charts. Besides showing 
whether the distribution is normal and 
the value of the standard deviation for 


Filter A Filter B 

Date of test 3/19-4/11 7/12-8/3 3/19-4/11 7/12-8/3 
Curve | Ay Ay B, B, 
Dosing rate! (m.g.a.d.): 

Average | 17.1 13.2 | 13.1 16.8 

Maximum 18.9 18.5 | 15.0 20.8 

Minimum 15.4 7.9 Lig 12.7 
Sewage temp. av. (°F.) 59.6 72.4 59.6 72.4 
n, fraction of B.O.D. remaining | 0.330 0.210 0.303 0.252 
a, standard deviation | 0.065 0.059 | 0.059 0.068 
Number of samples 20 20 20 20 


' Daily average. 
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a group of data, the control chart can 
be used for evaluation of day to day 
operations. This can 
by an example. 

The data for this example (Table I1) 
are from the operation of a fixed nozzle 
trickling filter treating an industrial 
waste. It will be noted that samples 
were not reported for every day, which 
would have been desirable. 


best be shown 
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A 7-day moving total could be used 
to advantage in studying sewage treat- 
ment. In this example a 3-day moving 
total used because three is the 
minimum subgroup size and the daily 
sampling was erratic, so that a 7-day 
average would not have any particular 
significance. 

The data through January 17 were 


first tabulated and X and FP calculated. 


was 


TABLE II.—-Data for Example and Calculations 


B.O.D 
C4 Loading 
p.p.m.) | Ib. ‘1,000 

cu. ft 


3-Day 3-Day 
Moving Moving 


3-Day Moving Range, Rtt 
Total§ Av... 


139 2: 2-Jan. 17: 


0.954 
1.075 
1.088 
1.027 

0.872 

0.792 

0.723 

0.844 

0.821 

0.840 

0.731 

9.730 

0.688 

0.617 

0.583 

0.598 

0.606 

0.650 

0.672 


0.250 
0.254 
0.340 
0.227 
0.253 
0.251 
0.226 
0.211 
0.180 
0.192 
0.226 


0.188 


R = 0.0536 
0.090 
0.113 
0.113 
0.026 
0.027 
0.040 
0.046 
0.031 
0.046 
0.038 
0.048 
0.060 


Revised: 


DX = 4.569 


X = 0.228 


0.069 
0.069 
0.017 
0.017 
0.027 
0.027 
0.014 
0.017 
0.019 
0.068 
0.068 
0.077 
0.037 
0.069 
0.069 
0.034 
166 AGS 156 0.020 


0.663 
0.619 


0.149 0.017 


3|17.9 | 576 | 183 266 | 0.317 - 
18.0 | 539 207 | 248 | 0.384 0.318 | 0.131 SX = 6.681 
5| 17.1 | 532 | 199 256 0.374 0.365 | 0.067 
6] 18.5 | 634 | 209 | 276 | 0.330 0.363 | 0.054 =R = 1.505 
9/198 | 549 | 177 | 229 | 0.323 0.342 | 0.051 
10 | 18.7 | 659 144 | 290 | 0.219 0.290 | 0.111 X = 0.238 
11 | 19.0 | 657 164 275 0.264 | 0.102 
12) 184 | 633 161 284 0.241 | 
ee 13) 19.5 | 654 222 | 277 0.281 
18.5 | 546 124 246 0.274 | 
ec 17 | 16.6 573 145 286 0.280 | = 
18 | 16.9 | 630 158 | 308 0.244 
19} 15.9 | 578 | 131 | 302 0.243 
20 | 16.4) 583 123 206 0.229 
23 | 19.4 | 383 69 164 0.206 
24| 17.1 | 542 | 104 262 0.188 
27| 17.4 | 474 107 226 0.199 
19.8 | 368 | 69 0.202 
31] 16.9 | 394 93 193 0.236 0.217 
Jan. 3| 18.5 | 472 117 211 0.248 0.224 
6 | 18.7 113 183 
7|176| 381 | 68 | 179 |0 
8 | 17.1 | 584 112 282 (0 
9) 16.9 | 633 | 111 3090 
16.6} 515 | 90 357 +10 
13} 17.7 | 426 86 | 200 0 
14 | 16.8 195 88 250 |0 
Be 15 | 16.5 548 105 274 0 Rien: 
16| 16.4 | 560 98 | 283 |0 
17| 16.9 | 572 99 | 282 |0 
20 | 18.1 | 515 55 237 
17.2 | 529 82 | 254 
221168] 641 | 118 316 |0 
23/ 17.1 | 553 | 106 268 | 0 
24/17.5 | 815 100 386 
27| 18.0} 445 | 65 204 
28 | 16.9 | 535 84 263 
16.5 | 471 78 237 10 
30 | 17.3 | | | - 
31} 18.3 | 415 6 189 | | 


Date v’/Q 
Feb. 3] 21.4 | 

4 20.5 | 
5| 19.0 | 
6 | 18.2 | 
10 | 22. 

1 | 19.3 | 
12) 19.7 | 
13 | 28.2 

14 | 19.9 | 
7| 22 | 
18 | 20.2 | 
19 | 18.3 


20 | 18.5 | 


25) 19.9 | 
26 | 18.4 | 
27 | 18.8 
28 18.8 | 
Mar. 3| 19.6 | 
4| 19.7 
§ 
6} 18.9 | 
10 | 20.6 
11 | 19.4 | 
12! 18.0 
13 | 18.4 
17 | 21.7 
18 | 20.2 


TABLE II.—continued 
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511 
718 
479 
404 
468 
482 


404 
365 
422 
318 
367 
347 
156 
534 
330 
347 
390 
430 
394 
425 
452 
478 
283 
417 
359 
378 


+ 5-Day B.O.D. in clarified filter effluent. 


3-Day Moving Range, Rtt 


or | | | 
) | (p.p.m.) “Total Av., X** 
— —|— = 
77 | 207 (0.151) 0.466 | 0.155 | 0.017 
167 | 314 | 0.232) 0.532 | 0.177 | 0.083 
68 218 | 0.142) 0.525 | 0.175 | 0.090 
| 135 | 174 |0.334| 0.708 | 0.236 | 0.192 
86 197 (0.185 0.660 | 0.220 | 0.192 
73. | 141 |0.151| 0.669 | 0.223 | 0.183 
91 | — — | — 
| 50 | 158 | 0.124] 0.459 | 0.153 | 0.060 
| 46 | 150 |0.126) 0.401 | 0.134 | 0.027 
46 | 191 | 0.109) 0.359 0.119 | 0.017 
| 42 | 142 | 0.132| 0.367 | 0.122 | 0.017 
| 48 | 153 |0.131| 0.373 | 0.124 | 0.023 
57 156 0.164) 0.427 | 0.142 | 0.033 
61 | 201 |0.134! 0.429 | 0.143 | 0.033 
57 234 | 0.107) 0.405 | 0.135 | 0.057 
33 140 0.100) 0.341 | 0.114 | 0.034 
50 146 0.144) 0.351 | 0.117 | 0.044 
39 174 |0.100/ 0.344 | 0.115 «(0.044 
42 188 | 0.098) 0.342 | 0.114 0.045 
124 158 | 0.315) 0.513 | 0.171 | 0.317 
116 181 | 0.272} 0.685 | 0.228 | 0.317 
125 208 | 0.276) 0.863 | 0.288 0.043 
152 215 | 0.318 | 0.866 | 0.289 | 0.046 
38 108 | 0.134) 0.728 | 0.242 | 0.184 
65 171 | 0.156) 0.608 | 0.203 | 0.184 
48 145 | 0.133) 0.423 | 0.141 | 0.023 
| & 144 0.138) 0.427 | 0.132 | 0.023 
| 


Dec. 20—Feb. 28: 
=R = 1.501 
R = 0.0416 


= 6.820 


Revised: 
DX = 5.102 


X = 0.170 


t Fraction of B.O.D. remaining in the effluent. 
§ Sum of values of n for the 3 consecutive samples. 
** One-third of 3-day moving total. 


At least 25 subgroups should be used. 
I 


values were calculated next for the 28 
subgroups, and the upper and lower 
control limits caleulated from 


UClz « 
= F-A,8 
UCLe = DR 
LCLe = D;R 
Substituting the factors obtained 


from Table III (8) gives 


TABLE III. 


Number of 
Observations 
in Subgroup 


Cre 


+t Difference between maximum and minimum values of n for the 3 consecutive days. 


Factors for Determining, from R, 
for ¥ and R Charts (8) 


D dD, 
| 
1.88 0 | 327 
102 | O | 2.57 
0.73 | 0 2.28 
058 | 0 $33 
048 | 0.08 2.00 
042 | O14 | 1.92 


UCL x =0.238+ (1.02) (0.0536) =0.293 
LCLx =0.238 — (1.02) (0.536) =0.183 
UCL» = (2.57) (0.0536) = 0.138 

LCL; =0.0 
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X = 0.175 

20 | 21.7 
20 | 21.7 | 

: * 5-Day B.O.D. in settled raw waste. Bee ak, 
In this example 28 subgroups were used. __ the 30 Contr te: 
The averages (X¥ and R) of the XY and R | 

| 
| 
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All of the values of R are within 
limits, but the values for X on Decem- 
ber 4, 5, 6, and 9, and on January 9, 10, 
16, and 17, are outside the control 
limits. Eliminating these values for 
X, a new value for X (average value of 


X) is calculated. There now are only 


20 subgroups used in calculating X. 
It would have been more desirable to 
start with enough subgroups to have at 
least 25 left after eliminating the out 
of control points. The revised limits 
of X are, therefore: 


UCL 


0.283 
0.17: 


ll 


Il 


Using these control limits, all data are 
plotted on Figure 2. 

Stopping to consider the values 
plotted through January 17, the out of 
control values of X caleulated to De- 
cember 10 may be accounted for by the 
fact that on December 2 the practice of 
returning the secondary sludge to the 
primary clarifier was discontinued and 
all clarifier sludge was pumped directly 
to the digester. It had been noted that 
some ponding was taking place on the 
filter and about this time rodding and 
excavation of the ponded areas was 
undertaken. This latter effort may 
account for the consistent low values 
starting with December 20. 

Assuming for the example that the 
limits are established, the recording is 
continued starting with January 20 and 
plotted daily as the analyses are re- 
ported. 

By the end of January it is apparent 
that the constant-cause system as- 
sumed from the data for Dec. 4—Jan. 17 
has been superseded. Maybe the elim- 
ination of the ponding was benefiting 
the performance, or the loading, either 
volumetric (V’/Q) or organic, was 
affecting the operation. Since the 
fraction remaining is not inereasing it 
appears desirable to plot the data for a 
while and establish new control limits. 

When the averages for February 11, 
12, and 13 were plotted it should have 
been immediately noted that something 
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was definitely causing poor operation, 
not so much from the values for X, but 
because the values of R were far out of 
line. It an actual case the reason for 
this out of control operation should 
have been found. 

By the end of February it appears 


desirable to establish new limits, 
based on data from December 20, 
except for the out of control range 


values for February 11, 12, and 13. 
Thus, UCLe = 0.107. 

It is noted that all values of R are in 
control except the three in February. 
Next a new value for X is determined 
for all 39 subgroups from December 20 
through February 28, as follows: UCLx 
= 0.218; LCL = 0.132. 

The values for X for December 20, 
January 3 and 7, and February 11, 12, 
13, 19, 20, and 25 are out of statistical 
control and are eliminated, a revised 
value of X being determined for the 
remaining 30 subgroups, as follows: 
= 0.213; = 0.127. 

The new limits are narrower for both 
R and X, but this is based on past ex- 
perience with the filter and from the 
statistical quality control viewpoint, 
any results outside the limits are caused 
by some factor other than chance. 
Likewise, results within the control 
limits are to be expected from chance 
and it is considered good practice not to 
hunt for causes in variations as long as 
the plotted values are within control. 
The three points for X¥ below the lower 
control limit for February 19, 20, and 

25 are largely due to the value of n for 
February 19. This might be a sam- 
pling error. 

As the values of X¥ are plotted for 
March, out of control performance is 

indicated by the out of limits values 


for X and R. Again, in an actual case 


immediate action should have been 
taken to account for or correct the 
cause. 


In Figure 2 the values for V’/Q and 
the B.O.D. loading are also plotted in 
order to consider them as causes for the 
out of control variations in perform- 


= 

= 


STATISTICAL QUALITY CONTROL 1287 


Dec. Jan. Feb. Mar. 
5 10 15 2025 5 10 15 2025 5 lO 152025 5 10 15 2025 


P 


Oo 


FIGURE 2.—Plot of illustrative data, showing XandR charts, B.O.D. loading, and 
V’/Q loading. 
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ance. The value V’/Q is the cubic 
feet of media per 1,000 gal. of waste 
flow per day. It is inversely propor- 
tional to n, the fraction of B.O.D. re- 
maining. The B.O.D. loading in 
pounds of 5-day B.O.D. per 1,000 cu. 
ft. of media is proportional to n. In 
comparing loadings with performance 
it should be remembered that X, the 
average values of n, are plotted for the 
last day used in figuring the 3-day 
average. 

In general it may be noted that while 
both the B.O.D. loading and X show a 
general trend downward to the right, 
the heavy loadings in January and 
early February correspond with rela- 
tively low values for Y, and some of the 
low loadings in March correspond with 
the out of control situation for X dur- 
ing that month. The general trend 


for V’/Q is upward to the right, in- 


versely proportional to X, as might be 
expected. 


The values for V’/Q were 
relatively constant in January when 
filter performance was in better control 
statistically. Neither V’/Q nor the 
B.O.D. loading appear to closely affect 
the filter performance. 

This example is not the best for ex- 
hibiting the use of statistical quality 
control, but it is probably characteristic 
of data generally available. If such 
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control is to be employed, the sampling 
routine would undoubtedly be improved 
and possibly would not have such an 
erratic effect on the control charts. 
It is hoped that this example will en- 
courage the use of statistical quality 
control in waste treatment works. 
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A wide variety of pipe materials 
have been proposed for transporting 
sewage and industrial wastes. Since 
it is impractical to construct a joint- 
less line, however, the effectiveness of 
a system consisting of the most nearly 
perfect pipe is dependent entirely on 
the quality of its joints. Pipe quality 
is controlled by the pipe manufac- 
turer, but joint efficiency of even the 
best jointing material depends, to a 
large extent, on installation methods. 
Hence, the importance of up-to-date 
information on materials and methods 
for joining sewer or industrial waste 
lines cannot be over-estimated. 

Cast iron, silicon-iron alloys, as- 
bestos-cement compositions, concrete, 
fiber-filled asphalts, asbestos-filled ther- 
mosetting plastics, and vitrified clay 
pipe have been used successfully for 
waste lines. Less resistant materials 
protected by rubber or plastic linings 
also have been investigated. Since 
vitrified clay makes the most widely 
used chemically resistant pipe, this 
discussion is restricted to this type of 
pipe. Obviously, much of the informa- 
tion presented can also be applied to 
other types of pipe. 

Although many attempts have been 
made to use specially designed pre- 
cast joints and trowelable jointing 
compositions, most vitrified clay pipe 
sewer lines consist of short sections of 
bell and spigot pipe joined with hot- 
poured materials. There are more than 
100 patents on various methods for 
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joining pipe, but this paper is re- 
stricted to a discussion of the most 
widely used types of jointing materials. 


Pipe Joint Specifications 


A perfect pipe joint should have the 
following properties: 


1. Simplified directions for use. 

2. Foolproof and rapid installation 
procedures to permit early use of the 
line. 

3. Freedom from toxic or soluble 
components, porosity, or other imper- 
fections. 

4. Permanent bond to the pipe under 
all normal service conditions. 

5. High resistance to infiltration and 
exfiltration. 

6. Complete resistance to normal 
household wastes, cleaners, detergents, 
greases, and normal soil conditions. 

7. Sufficient flexibility to permit nor- 
mal movement of the pipeline result- 
ing from settling, ete. 

8. Sufficient strength to resist break- 
ing of the joint in the trench. 

9, Retain its original properties dur- 
ing long periods of service. 

10. Resistance to slumping. 

11. Resistance to cracking under nor- 
mal underground service conditions. 

12. Resistance to penetration by 
roots. 

13. Economical advantages. 


A completely foolproof pipe joint 
has yet to be perfected. Nevertheless, 
as will be evident from the subsequent 
description, several satisfactory sewer 
jointing materials are available com- 
mercially. 
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Hot-Poured Filled Asphalt Joints 


The oldest and best known hot- 
poured joint is a filled asphaltic com- 
pound developed about 50 years ago. 
Compounds of this type are usually 
composed of equal parts by weight of 
properly graded fillers and specially 
prepared asphalts. These products 
have a specific gravity of about 1.5, 
an A.S.T.M. penetration of about 12 
throughout the entire temperature 
range expected in actual service (32° 
to 115° F.), and a ball and ring soft- 
ening point of about 225° F. Federal 
specifications have been written cover- 
ing this type of product. 

Priming of bells and spigots prior 
to hot pouring is advisable and is es- 
sential if the joints are constructed 
under wet conditions. In all cases, 
it is important that the bell and spigot 
surfaces be clean and dry and that 
the annular space be yarned with clean 
dry jute. Two or more pipes may be 
joined on the bank while in a vertical 
position ; in this case, the hot compound 
is poured in the absence of an asbestos 
runner. <A runner, of course, must be 
used for all joints poured in the trench. 

When hot-poured asphaltic compo- 
sitions are heated with stirring at 400 
to 450° F., they flow freely (Figure 1). 
They should be ladled out while heated 
Within this range and the joint should 
be filled in one pouring. The quanti- 
ties of both jute and compound will 
vary with the type and size of pipe 
used, An estimate of quantities can 
be secured by multiplying the volume 
of the annular space in cubie inches 
by 0.056 to determine the weight in 
pounds of the compound required for 
each joint. Slide charts and _ tables 
are available for determining quanti- 
ties required for various standard-size 
pipes. 

A properly poured bituminous joint 
has good adhesion; is strong, dense, 
and chemically inert; has some flexi- 
bility; solidifies quickly; will deflect 
without breaking the joint or the pipe; 
and is economical and easy to use. 
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Properly poured filled asphaltic type 
joints have displaced hydraulic cement 
mortar joints almost completely and 
have proved to be satisfactory over a 
period of years in many different geo- 
graphical locations. 


Filled Plasticized Sulfur 
Compositions 


Sulfur compound joints have been 
used widely for joining vitrified clay 
pipe. These materials are more root 
resistant and less flexible than the as- 
phaltic types. Improved sulfur com- 
pounds contain a bactericide in suffi- 
cient quantities to prevent attack by 
sulfur bacteria. 

Acceptable sulfur compounds should 
contain at least 55 per cent sulfur, 35 
per cent graded silica aggregate, suffi- 
cient bactericide to prevent attack, and 
enough plasticizers to vield a perma- 
nently duetile joint. A typical sulfur 
joint has a tensile streneth of about 
500 p.s.i., and a compressive strength 
of approximately 5,000 p.s.i. The ma- 
terial should flow as freely as water 
when heated, but the filler should not 
settle out when the product is in the 
molten condition. Federal specifica- 
tions for satisfactory sulfur composi- 
tions have been published and tenta- 
tive A.S.T.M. specifications are avail- 
able. 


Filled Coal Tar Pitch Joints 


hot-poured jointing material 
based on filled coal tar pitch is also 
available. Despite claims made for su- 
perior root resistance for this type of 
product, adhesion to the pipe surfaces 
is often poor. This permits roots to 
grow at the interface between the com- 
pound and the pipe. Even in the ab- 
sence of root growth, infiltration can 
take place at this interface. 

Some difficulties have been experi- 
enced in the field with coal tar compo- 
sitions due to the escape of volatiles 
during melting. This deficiency has 
been overcome in part through the use 


3 
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FIGURE 1.—Pouring a hot-filled asphalt joint. 


duction of a gel-type coal tar product. 
The gel-type product has poorer ad- 
hesion than the harder composition, 
but has been recommended for specific 
applications. 

A typical filled coal tar pitch com- 
position will have a tensile strength 
of approximately 250 p.s.i., and A.S. 
T.M. penetration of less than 1 through- 
out the entire anticipated temperature 
range, a ball and ring melting point 
of 195° F., and a specific gravity of 
1.5. The coal tar pitch content is usu- 
ally greater than 70 per cent of the 
entire composition. 


Hot-Poured Filled Plastic Joints 


Another widely used jointing ma- 
terial is based on a hydrocarbon plas- 
tic that has outstanding root resistance 
and excellent adhesion to ceramic sur- 
This product does not lose ad- 
hesion, even when soaked in water for 
long periods of time. A large number 
of long-term tests made in various 
parts of the country have shown this 
product to be completely resistant to 
a wide variety of plant roots. 


faces. 


Unlike asphalt and coal tar products, 
the hot plastic melt (Figure 2) is not 
affected adversely by long-term heat- 
ing in the melting pot. The filler in 
this product does not settle in the 
melting pot and the melt is not read- 
ily ignited when heated under field 
conditions. This product has low 
shrinkage and outstanding chemical 
resistance. 

A typical hot-melt plastic jointing 
material contains approximately 40 
per cent hydrocarbon plastic and 60 
per cent graded filler. The specific 
gravity of this material is approxi- 
mately 1.7 and the softening point is 
about 215° F. The A.S.T.M. penetra- 
tion of this material is usually less 
than 1 throughout the entire range ex- 
pected under service conditions. The 
adhesion to primed unglazed vitrified 
clay pipe is greater than 200 p.s.i., 
even after the joint has been soaked 
in water for long periods of time. 

As in the case of filled asphalt and 
coal tar compositions, priming of the 
bell and spigot surfaces is recom- 
mended for all installations and is es- 
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sential when the joints are made under 
wet trench conditions. This _ plastic 
product is slightly more expensive than 
filled asphalt or coal tar pitch, but 
its properties are closer to the specifica- 
tions for a perfect pipe joint than any 
other known commercial material. 


Precast Asphaltic Joints 


High-melting asphalt-type joints are 
also precast and used as rings on both 
the bell and the spigot. The asphaltic 
surfaces to be joined are painted with 
a solvent just before the pipe is placed 
in position in order to secure a mono- 
lithic joint. This type of joint can be 
laid faster than many other types and 
can be installed under the most ad- 
verse conditions. In spite of the sim- 
plicity of the operation, it is sometimes 
difficult to secure good joints due to 
the irregularities in the pipe and dam- 
age of the collars on the spigot end 
during storage and transportation. 

A slipjoint type asphaltic composi- 
tion is most satisfactory on large jobs 
when the shape and size of the pipe 
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is fairly uniform. The filled asphaltic 
compositions used in this type of joint 
usually have a ball and ring softening 
point of at least 240° F., a penetration 
of between 5 and 10, and a specific 
gravity of 1.5. 


Neat Cement Joints 


Other commonly used jointing ma- 
terials consist of neat cement and other 
trowelable compositions. Both are used 
with vitrified clay pipe and require ex- 
pert workmanship. Infiltration and 
root penetration of the rigid neat ce- 
ment joints can be prevented through 
the use of a metal collar, such as a 
Weston gasket. The metal form is 
left on the pipe permanently when ce- 
ment joints are constructed in this 
manner. 


Ready-Mixed Trowelable 
Compositions 
Trowelable compositions based on 
asphalt and synthetic rubber have been 
used, particularly with tongue and 
grooved concrete pipe. These products 
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set by evaporation of solvents; hence, 
they do not harden under water. Good 
joints with trowelable compositions are 
obtained only through the use of top- 
quality workmanship. The tendency 
to leave the bottom section of the an- 
nular space unfilled can be overcome 
in part by troweling in a bead of the 
material on the bottom two-thirds of 
the bell interior before shoving the 
pipe home. 

A typical trowelable asphaltic ma- 
terial (Figure 3) contains approxi- 
mately 50 per cent filler, of which at 
least 35 per cent is asbestos fiber. It 
has a specific gravity of 1.3 and is 
completely resistant to normal sewage 
wastes. It should harden uniformly 
and not form a surface skin. 

A typical filled synthetic rubber 
composition contains at least 50 per 
cent filler, of which at least 5 per cent 
is asbestos. It has a specific gravity of 
1.1 and is completely resistant to nor- 
mal sewage. It should contain at least 
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10 per cent synthetic rubber and have 
outstanding adhesion and flexibility. 


On-the-Job Mixed Troweling 
Compositions 


On-the-job mixed compositions pos- 
sess the previously cited shortcomings 
of all troweling compounds and, in 
addition, require good field supervision 
of the mixing operation. Usually, 
about three parts of powder is added 
to one part by weight of liquid with 
thorough stirring in order to secure 
an intimate uniform mixture. Slight 
variations in the ratio of powder to 
liquid may be made, but large varia- 
tions will produce unsatisfactory 
joints. 

A typical troweling composition of 
this type has a specific gravity of 1.4. 
It should not be gritty but should 
yield a cohesive mass that will set even 
under water to form a joint that is 
completely resistant to normal sewage. 


FIGURE 3.—Application of a ready-mixed troweling composition to a tongue and i : 
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FIGURE 4.—Application of fillet of infusible chemical resistant cement in the 
construction of a chemical resistant joint. 


Chemical Resistant Joints 


None of the joints described pre- 
viously is recommended for service in 
the presence of solvents or elevated 
temperatures. Joints based on a com- 
bination of furane and sulfur cements, 
however, are satisfactory for most in- 
dustrial waste lines, even at elevated 
temperatures. 

In this construction, the more eco- 
nomical sulfur cement is used essenti- 
ally in the same manner described pre- 
viously for other hot-poured jointing 
materials. It fills the main portion of 
the annular space, but the effectiveness 
of the joint depends primarily on the 
presence of a continuous fillet of the 
more expensive furane cement which is 
with the effluent. 
furane 


in contact 
The 


pared by 


cement mortar pre- 


mixing approximately two 
with 
weight of furane liquid resin and the 
resulting mortar is troweled in the por- 


parts of powder one part by 


tion of the annular space coming in 
contact with the industrial 
(Figure 4). Furane cements are un- 


wastes 


affected by alkalies, salts, solvents, and 
most acids, even at temperatures of 
350° F. They are attacked by nitric, 
chromic, and concentrated sulfuric 
acids. 

There are several modifications of 
this joint, but all successful variations 
consist of an infusible resin cement 
in contact with the effluent with the 
major portion of the annular space 
filled with a less expensive hot-poured 
material (Figure 5) 


Tubular Joint 


One of the recent novel joint de- 
velopments consists of a deflated tube 
having essentially the same dimensions 
as the annular space between the bell 
and spigot. This tube is inserted in 
the annular space and then filled with 
a quick-setting hydraulic cement. <Al- 
though this joint is somewhat expen- 
sive, it can be constructed readily even 
under adverse conditions. 


Vinyl Plastisol Joint 


Another recently developed joint 
makes use of a vinyl plastisol, which is 
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hot-molded in place as a threaded ring 
on clay pipe. The flexible threaded 
sections are then joined with a corre- 
sponding hard molded phenolic plastic 
threaded ring. 


Straight End Pipe 


A large number of the jointing meth- 
ods that have been patented are based 
on the use of straight end pipe. How- 
ever, few of these inventions have been 
reduced to large-scale commercial use. 
One of the simplest and possibly the 
most practical device consists of a 
simple collar containing a hole for the 
introduction of hot-poured asphaltie 
or plastic material. As might be ex- 
pected, considerable ingenuity and 
‘‘oadgeteering’’ has been displayed in 
order to fulfill the obvious requirement 
that the hot-poured material must not 
enter the pipe itself nor flow out of 
either end of the sleeve. Continued 
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progress is being made in the solution 
of this inherent problem. 


Conclusion 

Because of the wide variety of pipe 
materials and jointing methods avail- 
able, it might be coneluded that it is 
impossible to make recommendations 
for specific installations. Nevertheless, 
although all previously described ma- 
terials and methods may be used, the 
following recommendations may be 
used as a guide: 


For domestic sewage in locations 
where root resistance is not important, 
vitrified clay pipe joined by hot-poured 
filled asphalt joints should be used. 

For domestic sewage in locations 
where root resistance is essential and 
where good adhesion to the pipe is im- 
perative, a hot-poured filled plastic 
joint should be used. 

Either of these recommendations is 


FIGURE 5.—Pouring plasticized sulfur cement in a multiple line consisting of vitrified 
clay pipe and chemical resistant joints. 
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satisfactory for cold industrial wastes 
in the absence of water immiscible sol- 
vents, but a combination joint consist- 
ing of an infusible furane and a plasti- 
cized sulfur cement is recommended 
whenever solvents or warm industrial 
wastes are present. 

In spite of these recommendations, 
large quantities of other pipe materials 
and jointing methods will be used. 
New developments are being an- 


nounced almost daily: today’s recom- 
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mendations may be subject to revisions 
a few years from now. In addition, 
there is no reliable substitute for ex- 
perience. If the present methods be- 
ing used by any specific plant or mu- 
nicipality produce perfect waste lines, 
it is not recommended that the methods 
of construction be changed. How- 
ever, it is suggested that when difficul- 
ties relative to the joining of pipe are 
encountered, the previously cited rec- 
ommendations be considered. 


UNDERWATER SEWER INSTALLATION EXPEDITED 


Steel strapping reduced diver and 
crew time by 75 per cent and hastened 
the underwater installation of a 500- 
ft. sewer outlet in Lake Washington, 
near Seattle, Wash. By fastening con- 
crete pipe to 6-in. by 8-in. fir timbers, 
the McCray Marine Construction Co., 
Seattle, easily completed the installa- 
tion, which required placing some sec- 
tions as much as 40 ft. below the wa- 
ter’s surface. 


FIGURE 1.—By fastening five 4-ft. section 


Rather than lay one 4-ft. length of 
concrete pipe at a time, the company 
strapped five lengths to each of several 
20-ft. timbers (Figure 1), placed them 
on a barge, and hauled them to the in- 
stallation site. There, each section was 
lowered by a winch, guided into place 
by the diver, and joined to previously 
positioned sections. This method made 
the jointing and laying problem much 
easier for the crew and minimized the 
diver’s underwater time. 


s of concrete sewer pipe to a timber strong- 


back with steel strapping, diver and crew time were reduced in underwater installation of 


a sewer outlet. 
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AGRICULTURAL VALUES OF SEWAGE 


By Bernarp P. SKULTE 


Stone §& Webster Engineering Corp., Boston, Mass. 


Cultivated plants require for their 
growth a good mellow top soil contain- 
ing humus and moisture, a certain 
amount of nutrients, sunlight, and air. 
Climate plays an important part and 
good tillage takes care of the soil. 
The Law of the Minimum determines 
the outcome of the crop (that is, if 
chemicals, moisture, air, or organic 
matter are deficient they have to be 
replaced). 

Fertility of the soil is rapidly de- 
stroyed by cultivation and soil be- 
comes less productive as some of these 
elements decrease. Every time a crop 
matures and is harvested certain of 
the tissue-building substances are re- 
moved from the land. Through negli- 
gence of man most of these elements 
never get back to the land in such 
places and forms that they can be made 
available as future plant food. This 
process is almost automatically accel- 
erated by the growth of modern civili- 
zation, and reaches its culmination in 
many great cities where millions of 
dollars’ worth of irreplaceable plant 
nutrients, after varying degrees of 
treatment, are annually drained down 
through the sewers to oceans—to be 
lost to the land. 

Sewage as applied to land has a four- 
fold value, for it contains the major 
fertilizing elements and micro-nutri- 
ents (trace elements), organic matter, 
and water. 


Nutrients 
Soil usually contains nearly a suffi- 
cient amount of the different elements, 
with the exception of nitrogen, phos- 
phorus, potassium, and lime. It is 
these and some trace elements that are 
chiefly required in fertilizers employed 


to improve soils so that they will 
produce better plants. Commercial 
fertilizers supply these elements, but 
lack the soil conditioners composed of 
decayed organic matter. Without suffi- 
cient organic matter in the soil, com- 
mercial fertilizers might be applied 
liberally and yet not produce any ap- 
preciable effect upon the crop. In 
such cases, in fact, commercial ferti- 
lizers may do more harm than good. 


Nitrogen 


Nitrogen is one of the elements most 
largely used by growing plants, be- 
cause its compounds form the proto- 
plasm—the living part—of the cells. 
Nitrogen stimulates the growth of leaf 
and stem. Lack of it causes a stunted, 
sickly plant growth. Living organisms 
in the soil require nitrogen for the 
building of their own tissue and in 
the production of enzymic materials. 
Many bacteria satisfy their nitrogen 
requirements from ammonia-nitrogen. 

Ordinary domestic sewage contains 
from 15 to 35 p.p.m. of nitrogen, 
nearly half of it being in the form of 
ammonium salts and the remainder in 
the form of organic nitrogenous com- 
pounds. The latter are not stable 
forms, but are decomposed to ammonia 
by hydrolytic and oxidative mechanisms 
of numerous heterotrophic microor- 
ganisms. Ammonia in turn is con- 
verted by aerobic autotrophic bacteria, 
in the presence of oxygen, into nitrites 
and nitrates (in two stages). The 
young plants can utilize nitrogen only 
in the form of nitrates, because their 
molecules are smaller than those of 
ammonia. Therefore, the first dosing 
of sewage should be applied early in 
spring so that the nitrogen becomes 
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FIGURE 1.—Fields irrigated with sewage at Coesfeld-Westfalen, Germany, showing 
concrete-lined main channel with outlets to laterals. 


fully available to crops during the 
erowing season. Later, with the abun- 
dant foliage and greater suction of 
sap, the plants also can acquire nitro- 
gen in the form of ammonia and sew- 
age can be applied by overhead irriga- 
tion. Nitrates are utilized by plants 
or removed by drainage, ammonia is 
absorbed by clay and humus particles. 
According to Kreuz (1) the plants uti- 
lize 75 per cent of sewage nitrogen. 


Phosphorus 


Phosphorus increases root develop- 
ment, strengthens straw, enhances seed 
formation, hastens ripening, improves 
vegetables and grass, and makes plants 
more resistant to disease. Sewage con- 
tains from 4 to 9 p.p.m. of phosphorus, 
with an average of 5 p.p.m., partly as 
phosphoric compound, the rest as salt, 
which in the soil changes into acid 
phosphate. The latter is directly uti- 
lized by plant roots or absorbed by 
mineral and humus particles. There is 
not much leaching. Counting the loss 


by sedimentation in sludge, the utiliza- 
tion of phosphorus is estimated at 80 
per cent (2). 


Potassium 


Potassium is a necessary component 
of chlorophyll and is required for 
formation of starch, sugar, cellulose, 
and other carbohydrates, enabling the 
plants to combine carbon, hydrogen, 
and oxygen supplied by carbon dioxide 
and water. Potash is an important 
factor for vigorous growth and _in- 
creases resistance to disease. Sewage 
contains from 10 to 20 p.p.m. of pot- 
ash, mostly in solution. Little potash 
is removed by drainage, most of it is 
exchanged by sodium chloride. Soil 
colloids (that is, clay and humus) have 
a high eapacity of exchange. 
They adsorb the cations, such as po- 
tassium, ealcium, and magnesium, upon 
their surfaces. Although these ad- 
sorbed cations are chemically combined 
with the colloid, they may be replaced 
by other stronger cations occurring in 
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soil solution and so made available to 
plants. Sodium may be the predomi- 
nant cation in sewage effluent. Part 
of the potash is used by plants, but 
excessive quantities of it tend to pro- 
long the season of growth and thus 
delay the maturing of the crop. The 
rest of the potash is absorbed by soil 
colloids or lost through leaching. <Ac- 
cording to Lacour (2) plants utilize 
60 per cent of sewage potassium. 


Lime 


Calcium is an indirect fertilizer that 
neutralizes acidity and checks some 
plant diseases. Soils high in organic 
matter, such as muck and peat, are 
generally deficient in calcium. So, 
also, are sandy and clayey soils. Cal- 
cium in sewage exists in the form of 
carbonate, which is favorable to im- 
portant soil organisms. But lime does 
not accumulate in the soil. It is re- 
moved by crops and microorganisms. 
and the rest leaches away. Occasional 
replenishing is required to maintain 
proper condition of the soil. 


Nutrient Need 


The amounts of each element de- 
livered in sewage per capita per year 
are as follows: 


7.5 to 8.5 Ib. 
4.0 to 6.0 Tb. 


Considering the loss by mechanical 
sedimentation and the utilization fae- 
tors previously given, the following 
are available for plant use: 


The amounts of each element re- 
quired depend on the soil, the climatic 
conditions, and the crop. Various 
formulas are suggested by agricultural 
authorities for the combinations of ma- 
jor fertilizing elements best suited to 
different crops and soils. For mixed 
crops, an average per-acre require- 
ment is 80 lb. of nitrogen, 45 Ib. of 
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phosphorus, and 70 lb. of potash. Ac- 
cordingly the number of persons 
needed to supply the required nutri- 
ents, by sewage, is as follows: 


sss 20 persons per acre 
Phosphorus ........ 23 persons per acre 
23 persons per acre 


If only grass or similar cattle fodder 
is raised the contributory population 
may be doubled. 


This means that average applications 
of 2,300 and 4,600 g.p.a.d. may be prac- 
ticable for irrigation of cropland and 
grassland, respectively, or amounts 
equal to about 2.0 and 4.0 ft. of efflu- 
ent irrigation per unit area per year. 
There is no reason to operate sewage 
farms at much higher rates of forced 
irrigation, because septic conditions 
are liable to result. When the actual 
field test indicates the need for any 
particular additional nutrients, they 
must be supplied by commercial ferti- 
lizer. Generally, however, the latter 
are effective only when water, humus, 
and lime are present in the soil, in 
proper amounts. Biologically, continu- 
ous fertilization, as exemplified by sew- 
age farming, is better than periodic 
fertilization. But the raising of crops 
conditions the soil for continued waste 
disposal purposes. 


Trace Elements 


Minute quantities of certain chemi- 
cal fertilizing elements and growth 
promoting substances are essential to 
the normal growth of plants. Sewage 
contains sulfur, magnesium, iron, 
iodine, sodium, boron, manganese, cop- 
per, and zine in easily soluble form 
as vitamins and hormones, besides 
other trace elements. Only recently, 
specialists have discovered the im- 
portance of vitamins and hormones in 
plant food. All these micro-nutrients 
have the ability to produce interesting 
changes, such as root development, stem 
elongation, cell swelling, ripening of 
fruit, ete., in growing plants. For ex- 
ample, without small amounts of iron, 
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FIGURE 2.—Land treatment of sewage in Coesfeld-Westfalen, Germany, showing 
distribution conduit over drainage ditch. 


plants develop no green color, whether 
have direct sunlight or not. 


they 
Chlorophyl cannot be formed without 
it, therefore no plant growth results. 
The action of magnesium in plants is 


not very well understood, but it is 
known that it is indispensable. Small 
but definite amounts of boron must be 
available, either from irrigation water 
or soil, in order to obtain good growth 
of crops; but toxie effects will occur 
if more than traces are present. 
Sodium is of little importance as a 
plant food, but assists in chemical 
changes which take place in the soil, 
and may aid in nitrification. In soils 
rich in clay and humus, sodium cation 
liberates certain plant nutrients, in- 
cluding calcium, magnesium, potas- 
sium, and phosphorus. The structure 
of the soil is improved by the addition 
of small quantities of sodium. In light 
soils, sodium tends to hold moisture and 
aid capillary attraction. A little so- 
dium chloride reduces the amount of 
potash required by root crops. The 


soluble sodium percentage of sewage 
effluent is an important index of its 
suitability for irrigation. Effluent 
containing a ‘‘sodium_ percentage’’ 
above 65 per cent is considered of poor 
quality, 50 to 65 per cent is of ques- 
tionable quality, and below 50 per cent 
is good for application to soils (8). Al- 
most all micro-nutrients play a dual 
role—as an essential element and as a 
toxic element—in plant food. There- 
fore, they should always be accounted 
for in water analyses. On the basis of 
studies by agriculturists and soil sci- 
entists Stone et al. (10) have deter- 
mined the generally accepted permis- 
sible concentrations for various chemi- 
eal constituents in irrigation waters 
for various types of soils and crops. 


Humus 


Humus is soil organic matter that 
has undergone decay to such an extent 
that it has lost its identity. Accord- 
ing to Waksman (3), humus is in a 
dynamic condition, as it is constantly 
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formed from plant and = animal 
residues and is continuously decom- 
posed further by microorganisms. Hu- 
mus contains almost all major and 
minor plant nutrients, and its colloids 
have the property of adsorbing the 
soluble nutrients, thus preserving them 
from loss through leaching. McGeorge 
(5) found that the base exchange c¢a- 
pacity of soils was directly related to 
the organic matter content. Ingols 
(4) designates organic matter as the 
causative agent in the adsorption of 
ammonia. 

Therefore, humus is one of the most 
important agricultural constituents of 
the soil. By its colloidal nature, it 
not only improves the physical con- 
dition of the soil, but it also enables 
the soil to absorb and hold the mois- 
ture. Thus, plant food is held in stor- 
age and soil life is enriched. In ad- 
dition, soils rich with humus withstand 
erosion. Furthermore, decaying or- 
ganic matter produces carbon dioxide 
and other products that are solvents 
of mineral matter in soil, thus making 
them available to plants, as well as 
supplying the carbon dioxide that is 
used directly by plant leaves.  Un- 
fortunately the quantity of humus, this 
top-soil capital, has rapidly declined 
over the last 50 years. According to 
Pfeiffer (6), the organic matter in 
American soils, on the average, has run 
dangerously low (around per 
vent), although the original soil had 
from 4 to 6 per cent of humus. Even 
in skillfully managed soils, humus 
slowly disappears and the supply has 
to be maintained and increased. 

Sewage has less organic matter than 
manure, but it is in the form of mild 
humus easily convertible into plant 
food by bacteria, fungi, algae, pro- 
tozoa, worms, snails, and insects. When 
sewage is applied to the soil the bio- 
logical matrix develops, largely in the 
upper strata of the soil, with a mat 
on the surface of soil particles. The 
air in the interstices of the soil pro- 
vides the necessary oxygen for the 
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aerobic bacteria. Some of the micro- 
organisms, such as algae, occasionally 
increase the available oxygen. Gener- 
ally, sewage is immediately useable by 
plants; it does not undergo gradual 
change during several months, as in 
‘‘well-rotted’’ material, such as ma- 
nure. On the contrary, it looses a 
great deal of its fertility when utiliza- 
tion is delayed. 

Humus serves as a source of energy 
for the development of various groups 
of microorganisms, and during the 
process of decomposition gives off a 
continuous stream of carbon dioxide 
and ammonia, upon which plant life 
depends. The amount of carbon di- 
oxide produced determines the value 
of humus fertilizer. According to 
Zunker (7), 1g. of raw sewage organic 
matter in 24 hr. produces 9.5 ¢.c. of 
carbon dioxide, whereas the same quan- 
tity of organic material from primary 
effluent, secondary effluent, sludge, ma- 
nure, and compost produces, respec- 
tively, 8.3, 7.0, 2.3 to 2.6, 1.2 to 2.5, 
and 0.07 to 0.2 ¢.c. of carbon dioxide. 

With increasing age of the organic 
matter, carbon dioxide production de- 
creases in nearly logarithmic propor- 
tion, except in the case of compost, 
which remains stable for a longer time. 
For the conversion of organic matter 
bacteria need sufficient oxygen. Other- 
wise they starve, as most of them starve 
when the pH of the soil becomes less 
than 5.8. Therefore, the pore space 
must be kept in contact with atmos- 
phere so that the gaseous oxygen pres- 
ent in the air can follow the percolat- 
ing waters down into the soil. Sewage 
must be applied to land intermittently ; 
rest periods must be provided. A dry 
or completely saturated soil environ- 
ment is not favorable for the growth 
of soil microorganisms, but the alter- 
nate dry and wet cycles provide the 
optimum condition. For alkalization 
of soil sufficient lime has to be sup- 
plied. On the other hand, too large 
and too frequent applications of cal- 
cium compounds will cause decompo- 
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sition of humus faster than it can be 
used by the plants, resulting in loss 
from Jeaching. 


Water 


Growing plants are composed largely 
of water. From 60 to more than 90 
per cent of the green weight of staple 
is water. Most of this water 
is taken from the soil and contains the 
food which passes up to the leaves, 
where it is digested, the surplus water 
being passed off as transpiration into 
the atmosphere. In addition, a con- 
siderable amount of soil moisture must 
evaporate and drain away before there 
will be sufficient air in the soil. The 
nitrates formed in the upper strata are 
washed down by water, where they are 
then made available for the deep roots 
of the plants. Solids have to be dis- 
solved in water before they can enter 
plants to be utilized for growth. 

There is a shortage of water in the 
United States, however, and not only 
in the southern states. It is abundant 
only in a small part of the country, in 
the so-called ‘‘evergreen’’ Pacific North- 
west. Further, the rainfall diminishes 
to the scarcity of the arid Southwest, 
where the deficiency in water supply 
is becoming critical. In many localities 
overpumping has caused an alarming 
lowering of the ground-water table. 
Streams which once flowed in consider- 
able volume have disappeared. From 
facts gathered from 29,000 wells the 
U.S. Bureau of Soils (Bull. 92) shows 
a marked fall in the water level. But 
in any one region the recorded total 
precipitation varies widely from sea- 
son to season and from vear to vear. 
Furthermore, rainfall usually is_ ir- 
regular. Even in well-watered areas, 
a period of two weeks without rain 
may be serious, especially in the grow- 
ing season. 

Successful cultivation of the 
necessitates an ample supply of water. 
The capillary water reserves cannot 
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long provide the best soil moisture con- 
ditions for maximum growth of crops. 
Consequently that part of the rainfall 
which infiltrates into the soil becomes 
a most critical matter in many locali- 
ties, because deficiencies of soil mois- 
ture are replenished before water per- 
colates through the various soil levels 
into the ground-water table. Normally 
little, if any, water percolates into the 
rround-water storage during a grow- 
ing season because of the demands of 
vegetation. 

Rainfall is inadequate to supply the 
enormous quantities of water involved 
in the natural processes of evaporation, 
transpiration, and evaporation by 
capillary action in the soil in addition 
to surface runoff and the requirements 
of cities and industries. In many areas 
industrial expansion cannot take place 
because of the limited supply of water. 

The same water problem that con- 
cerns agriculture and industry also 
threatens domestic use of water. 
Nearly one-seventh of American cities 
have suffered from water shortages 
during the past two vears. Many of 
the southwestern regions, where the de- 
mand for water nearly equals or al- 
ready exceeds the readily available 
fresh-water supply, continue to grow 
in population. Therefore, for determi- 
nation of new water sources, extensive 
engineering studies are con- 
ducted. many appreciable 
research programs (University of Cali- 
fornia, Rutgers, ete.) some states and 
federal bureaus have appropriated 
millions of dollars for a comprehensive 
study of salt-water barriers in ocean 
bays or for distilling of sea water, as 
a means of creating a new source of 
water. 


being 


Besides 


It is imperative to investigate 
all possibilities for covering the water 
shortage in this country. But it seems 
a squandering of means to provide 
artificial biological purification of sew- 
age, then to rush the effluent down to 
rivers and ocean, and then try to re- 
claim the water from the ocean. 
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Conclusions 

Actual experience for half a century 
in Europe with skillfully designed and 
properly managed sewage farming has 
demonstrated that sanitary sewages 
and many industrial wastes can be suc- 
cessfully used for agricultural, indus- 
trial, and other purposes. Studies and 


practice in more than 100 localities 
in southern states of this country have 
shown that water recovered from most 
sewages through land disposal can be 
employed as a reclaimed water supply 
source in water-shortage areas. 
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PART I. 


Need for Measurement of Floatable 


Oil 
Most of the objectionable conditions 
that arise from the presence of oil 


or grease ¢ in waste waters discharged 
to sewers or directly to ultimate dis- 
posal sites are due to the oil or grease 
which floats to the surface. That which 
remains colloidally dispersed is of dif- 
ferent significance. In a primary sew- 
age treatment plant it is not objection- 
able, nor will it cause any complaint 
when discharged to the ocean or to a 
harbor. In a plant employing biologi- 
cal oxidation, the colloidal oil and 
grease may be in large measure re- 
moved in the biological sludge, and 
it may affect the oxygen demand if 
it is easily oxidized. In the sludge 
digestion tanks its effect depends 
largely on whether it is digestible 
(oxygen-containing compounds) or 
non-digestible (hydrocarbons). 

Since oil which floats to the surface 
is of different import from that which 


* Presented at 25th Annual Meeting, Cali- 
fornia Sewage and Industrial Wastes Assn.: 


Santa Barbara, Calif.; April 22-25, 1953. 
tIt is unfortunate that present sanitary 
engineering terminology does not supply a 


simpler term for the class of materials coy 
ered by the expression ‘‘oil and grease,’’ or 


‘foils and fats,’’ or ‘‘ether soluble ma- 
terial.’’ It has been suggested that the 
Latin word ‘‘unctus’’ be adopted for this 


purpose, since it means exactly what is being 
talked about. The author favors this, but 
has not used it generally in this paper. 
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WATERS * 
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does not, it is evident that it will be 
desirable, if possible, to make a corre- 
sponding distinction in quality eri- 
teria which waste waters are required 
to meet. An investigation was under- 
taken to determine a suitable way to 
make this distinction. 


Inherently Arbitrary Character 
of a Test 


It is at once evident that any test 
for separability or floatability of oil 
must involve arbitrary factors. There 
is no definite dividing line between 
colloidal and non-colloidal oil or grease. 
Just as in the ‘‘settleable solids’’ test 
using Imhoff cones, a ‘‘floatable oil 
and grease’’ test must specify an arbi- 
trary time and an arbitrary size of 
vessel. 

It also became evident that there is 
not a simple test which invariably will 
give significant results when applied to 
any kind of waste water. In this re- 
spect also a ‘‘floatable oil’’ test is simi- 
lar to a ‘‘settleable solids’’ test. By 
way of illustration, two men each 
picked up at the same time a sample 
of refinery waste water in floatable oil 
tubes, carried them to the laboratory, 
and allowed them to stand. It was 
found that one tube had a large 
amount of flocculent material floating 
to the surface, while in the other tube 
this floeculent material was at the bot- 
tom. A small difference in the amount 
of disturbanee during earrying had 


| 
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caused this difference of behavior. 
Where there is gassy suspended matter 
of this sort which may easily be either 
floatable or settleable, neither the float- 
able nor settleable test will mean 
much. The occasional finding of sam- 
ples of this sort does not materially 
reduce the general utility of either 
test. 


Choice of Test Method 


The procedure finally adopted for 
securing practical results establishes 
a category of oil and grease which un- 
der specified conditions separates by 
any or all of the following processes: 


1. Floats to the surface. 

2. Clings to the wall of the glass 
vessel used for the test. 

3. Is carried to the surface with 
solid matter. 

4. Is present in colloidal form in the 
water which saturates a surface layer 
of floating solids. 


If the sample is such that the oil 
found in the test comes almost entirely 
from sources 3 or 4, the test does not 
have its usual significance, vet even 
so a quality limitation based upon this 
test is not likely to lead to unreason- 
able conclusions. Normally the test 
will not be applied to waters of this 


sort. Oil or grease which clings to 
the walls (item 2) generally would 


have floated if it had not been caught 
on the walls. 

The category of oil and grease sepa- 
rated in the standard test here speci- 
fied is reasonably definite. This cate- 
gory is called ‘‘floatable oil and 
grease’’ (or floatable unctus), but with 
recognition of the fact that the name 
is only approximate. 

The amount of material floating or 
settling from a sample in a specified 
period of time is dependent upon the 
depth of the vessel. On the basis of 
availability of equipment, convenience 
of size, and the desirability of using 
a volume of one liter, a tube has been 
specified which is 70 to 72 mm. in di- 
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ameter. The liquid depth when the 
tube is filled to 1 1. should be about 
25 em. It is believed that a 1-hr. set- 
tling time gives results of greatest 
significance as a standard test, but 
other periods of settling may give 
significant information on separation 
rates. With a 1-hr. standing time, the 
‘‘capacity factor’’ (defined later in 
this paper) is 50 min. per foot, or 160 
min. per meter. The test may be ex- 
pected to give results similar to a 
tank 5 ft. deep with a detention time 
of 6 hr. 

Attempts were first made to remove 
floated oil from the surface of a test 
vessel by removing a thin surface 
layer, or by flooding with benzene and 
then removing this by suction. It is 
difficult to get the benzene into effective 
contact with some of the oil or with 
grease which has collected at the men- 
iscus. This procedure also misses the 
oil clinging to the walls of the vessel. 
The simplest procedure seems to be the 
best, which is to draw off the water 
from the bottom, leaving the separated 
oil to be collected by addition of a 
solvent. Chloroform is chosen because 
of its high solvent power and low boil- 
ing point. 

The procedure accepted as standard 
by the Los Angeles County Sanitation 
Districts is as follows: 


Determination of Floatable Oil 
and Grease 


Materials 


Floatable oil tube. This shall be a glass 
tube of inside diameter between 70 and 72 
mm., tapered at the bottom to a glass 
stop-cock and tapered at the top to an 
opening fitted with a glass stopper. This 
opening should preferably be 20 mm. or 
more in diameter (e.g., 24/40) to facili- 
tate cleaning. The tube shall be circled 
with a mark to indicate a volume of one 
liter, and this 1-l. mark shall be on the 
straight portion of the tube, below the 
shoulder. Before each use of the tube, it 
shall be scrupulously cleaned, by brushing 
with a mild scouring powder or by soaking 
with chromic acid cleaning solution or 
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other suitable 
torm 


glass. 


cleaner, so that water will 
a smooth film on the inside of the 

The stopcock shall be lubricated 
only with water. 

Chloroform. This shall be laboratory 
grade chloroform. Suitable steps must be 
taken to assure that it dis- 
solved non-volatile matter, as by testing 
a sample for residue on evaporation, or 
by distilling before use. The fact that a 
sample obtained from one source of supply 
shows no residue must not be construed 
as evidence that continued deliveries from 
the same source will necessarily always be 
free from residue. Chloroform reclaimed 
from previous analyses must be re-distilled 
before re-use because small accumulations 
of slightly volatile oils may introduce sig- 
nificant errors into subsequent 


contains no 


analyses. 
Sampling 


Samples for floatable oil or grease must 
be taken at points of high turbulence, or 
where the water has a free fall in such 
a way that a representative portion can be 
obtained. Samples dipped from a quietly 
flowing stream are generally worthless for 
floatable oil or grease tests. The sample 
may be taken directly in the floatable oil 
tube, or a dipper may be used if the sample 
is poured immediately into the tube. With 
most wastes, especially oil field waste wa- 
ters, and refinery effluents, it is impossible 
to get reliable results by sampling in a 
bottle and taking this to the laboratory for 
subsequent transter to the floatable oil 
tube. Exceptions may be made in the 
containing mueh 
sludge or scum which, by shaking of the 
bottle, can be re-dispersed to its original 
condition, but in no should sueh 
samples be kept more than 2 hr. before be- 
ginning the test. 


case of wastes greasy 


case 


Proce dure 


Fill the floatable oil tube to the mark, 
Support it in a strictly vertical position, 
preferably in a location which will mini- 
mize temperature change and resulting con- 
vection currents. If the temperature of 
the waste water is considerably higher than 
atmospheric temperature, it may be neces- 
sary to immerse the tube in a body of 
the waste water or in other suitable wa- 
ter bath. 

After 1 hr. draw off the water, stopping 
before any surface oil or other floated ma- 
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terial is removed. Sludge which has set- 
tled to the bottom during the settling pe- 
riod or which has clung to the sides should 
be drawn off as completely as possible, and 
to this end it is often desirable to give the 
tube a slight back-and-forth rotation about 
the vertical axis to dislodge such sludge 
so that it will go out with the water. If 
there is much seum on the top, some of this 
may mix somewhat with the underlying 
water as it moves down the tube. In this 
case it is necessary to stop drawing off be- 
fore any of the float has been lost, and it 
is well then to wait a minutes 
until a sharper boundary permits the 
withdrawal of more water. It is important 
to remove the water as completely as pos- 
sible without losing floating material. If 
more free water separates upon longer 
standing after removal of the bulk of the 
water, this should also be drawn off, as the 
minimizing of residual water facilitates sub- 
sequent operations. 

Add to the tube 50 to 100 ml. of chloro- 
form and shake vigorously. Allow to settle 
and draw off the solvent into a dry beaker 
or flask. Then pour this solvent through 
a dry filter paper into a clean, dry 300-ml. 
Erlenmeyer flask, taking care not to let 
any drops of water get onto the filter 
paper. Add a second portion of chloro- 
form to the floatable oil tube and repeat 
these operations, pouring the solvent 
through the same filter paper. If there 
is much sludge in the tube, a third and 
perhaps fourth extraction may be neces- 
sary, or larger portions of solvent may be 
required. (In this case it may be neces- 
sary to distill off part of the filtered sol- 
vent solution before adding successive por- 
tions to the flask.) Wash the filter paper 
carefully with fresh chloroform. Evapo- 
ration causes oil to creep up the paper, and 


few 


it is therefore desirable to use a dropper 
or a solvent wash bottle with a fine tip to 
facilitate complete washing. 

Place the flask in a vessel of hot water 
and connect to a condenser to recover the 


solvent, using glass connections. Distill 
down to a volume of about 1 ml. Remove 
the flask from the water bath and pour 
out the vapor by tipping until the solvent 
is substantially all gone. Wipe the out- 
side clean. If the quantity of oil or grease 
is small, hang the flask neck downward in 
a ring near the balance; weigh after 1 to 
2 hr. If the quantity of oil is so large that 
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it may run out of the flask, lay the flask 
on its side and weigh the next day, or 
after reasonable assurance that no sig- 
nificant amount of chloroform remains. 

To obtain the tare weight of the flask, 
wash it out with several portions of chloro- 
form, hang neck downward near the bal- 
ance for 2 hr., and weigh. 

Report the weight of oil or grease found 
as “floatable oil and grease” (or floatable 
unctus) in milligrams per liter. 

The standard settling time is 1 hr., but 
other settling times may be used provided 
this is stated in reporting the results. 


Demonstration of Method 


A test of this sort is, of course, not 
expected to show high precision. Prac- 
tical utility of the test is not materi- 
ally impaired on this account. An in- 
dication of reproducibility is afforded 
by a series of triplicate tests, as shown 
in Table I. 

The laboratory of the Wilshire Oil 


Floatable Oil (mg. 1.) 
Sample 
| | | 
A B | C | Av 


Meat packing waste water | 53 | 67 | 52 | 57 
Meat packing waste water, 

after separator 22 | 29 | 25 | 25 
Sewage 52 | 44 | 48 48 
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TABLE II.—Floatable Oil in Refinery Effluent 


Floatable Oil (mg. 
Sample 
Number 


First Test Second Test Difference 


10.8 10.6 0.2 
2 22 2.4 0.2 
3 10.1 9.0 £2 
1 7.7 7.5 0.2 
5 10.6 10.2 0.4 
6 11.2 10.9 0.3 
7 7.6 7.1 0.5 
8.9 8.2 0.7 

9 9.9 9.6 3 
10 5.7 6.0 3 
1 


15 6.4 6.0 0.4 
Av 7.6 0.37 


Co. refinery made a series of 15 du- 
plicate tests on their separator effluent. 
Remarkably close agreement was 
found, as shown in Table II. 

In view of the different import of 
floatable and total oil, and the satis- 
factory performance of this test, the 
Los Angeles County Sanitation Dis- 
tricts have now made this test the 
basis of a quality criterion for accept- 
ability of a waste for discharge into 
the sewer as pointed out by Ander- 
son (2). 


PART II. FLOATABILITY, OR SUSCEPTIBILITY TO 


Need for Measuring Rates 
of Separation 


It has been pointed out by Weston 
(1) that percentage removal of oil 
by a separator is a poor criterion of 
performance, for some wastes may 
carry much floating oil along with wa- 
ter that is otherwise reasonably clear, 
whereas in other cases there may be a 
large amount of emulsified oil that 
will separate only very slowly from the 
water. 

Adequate understanding of a dis- 
posal problem for wastes containing 


SEPARATION, AND SEPARATOR DESIGN 


oil and grease often requires a study 
of the rates of gravity separation. 
Such rates are determined by subject- 
ing samples of the water to settling 
for various periods of time, until 
enough data are secured to draw a 
curve of oil or grease content versus 
time. 


General Techniques for Floatability 
Curves 

For preparing a curve of this sort it 

is necessary to settle separate portions 

of the waste water for each desired 

time interval. Thus, from four to six 


he 

12 6.8 0.6 

13 5.20 | 0.1 
-- 

14 5.5 5.7 0.2 

: 

TABLE I.—-Comparison of Triplicate Tests 
3 

4 

Te 
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identical samples are poured into glass 
cylinders or into floatable oil tubes. 
At predetermined times the water is 
withdrawn from one after another, 
leaving behind the floated oil and 


grease. Analyses may be made either 
on the water withdrawn or on the 


separated oil and grease, or both. If 
a small amount of oil is separating 
from a waste with much emulsified oil, 
determination of the portion which 
floats is most practical, but if much 
oil is separating, leaving but little in 
the water, then analyses of the water 
will give the more reliable results. 

The removal of oil and grease from 
water frequently occurs, at least in 
part, by downward settlement of solid 
matter, especially in wastes from the 
processing of meat and other food- 
stuffs. If much oil and grease is car- 
ried downward, then significant re- 
sults require that tests be made on the 
intermediate water between the settled 
sludge and the floated matter. An 
ordinary graduated cylinder with a 
siphon has proved useful for this pur- 
pose. 

The water layer, after the interval 
of settling, has a graduated oil and 
grease content from bottom to top. It 
is not possible to know what level rep- 
resents the average oil and grease con- 
tent. Therefore, it is ideally desirable 
when the analyses are to be made on 
the water, to draw off all of the water 
between the sludge and scum layer, but 
it has been found most practical to 
leave about 10 per cent of the water in 
the bottom when using a siphon in a 
graduated cylinder. There is a result- 
ing theoretical error which, however, 
is inconsequential. In samples which 
show negligible settling of sludge, the 
floatable oil tubes, draining from the 
bottom, have been found most 
venient. 


con- 


Theoretical Relationship between 
Laboratory and Field Results 
Theoretical studies of gravity sepa- 
ration, either downward or upward, 
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point out that area divided by flow 
(or flow divided by area) should be 
the design factor, rather than deten- 
tion time. Stated otherwise, for the 
same flow and same surface area, the 
depth of a settling tank is not im- 
portant, as long as horizontal flow ve- 
locity does not cause turbulence. The 
most important qualifying factor to 
modify this elementary theory is the 
fact that flocculation of suspended mat- 
ter alters settling rates. This is par- 
ticularly noticeable in primary sewage 
sedimentation tanks, where fine ma- 
terial which at first has very little 
tendency to settle will, after an hour 
or so, flocculate and settle. The same 
phenomenon is noticeable to some ex- 
tent with some floating material. If a 
laboratory cylinder serves as a model 
for a much deeper prototype sedi- 
mentation tank, and if the comparison 
is made, according to the simple 
theory, on the basis of time divided 
by depth, the deeper prototype would 
have the chance of superior efficiency 
because of the effect of flocculation. 
This effect is counteracted to a vari- 
able extent by the imperfections of any 
practical sedimentation tank. Turbu- 
lence and short-circuiting reduce the 
possible efficiency of the tank. 

All things considered, it appears that 
the best basis for relating laboratory 
tests to separator design or 
ance is the time-depth ratio. 

There are many ways that this ean 
be expressed. ‘‘Gallons per square foot 
per day”’ is a common expression for 
loading. This might called 
square feet per c.f.s., or simply feet 
per second, which may be thought of 
as a rate of What is needed, 
however, for the practical application 
of settling curves is not a loading fae- 
tor but the reciprocal, which is a ea- 
pacity factor. An attempt to draw a 
settling curve on the basis of loading 
would require that the raw sample 
be plotted at infinity which is not 
practical. Time divided by vertical 
distance should be used; minutes per 


pertorm- 


also be 


rise. 


4 
‘ 
3 
‘ 
: 


foot is convenient (or seconds per 
centimeter). This is the same as de- 
tention time divided by depth of the 
vessel, and thus is easily related to com- 
monly available data. 


6000 


Vol. 25, No. 11 ° OIL AND GREASE 


FLOATABILITY 


Examples of Applications 


Figures 1, 2, 


and 3 show results of 


separation tests on wastes f 


barrel washing plant, a meat packing 
plant, and a petroleum refinery. 
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FIGURE 1.—Oil removal from waste water from a barrel washing plant. 
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FIGURE 2.—Grease removal from waste water from two typical meat packing plants. 


Figure 2 shows a rapid separation 
of grease from the waste water of 
plant C, down to a level where fur- 
ther separation is very slow. On the 
basis of these samples, a capacity faec- 
tor of 5 to 10 min. per foot may be 


expected to produce a water having 
very little floatable grease, although 
the content of highly dispersed grease 
remains high. The effluent after a 
short period of settling should be satis- 
factory for discharge into sewers lead- 
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ing to a primary sewage treatment aided by flocculating chemicals, or in 
plant. Little could be gained by in- some other way. 

creasing the size of the grease sepa- The waste water from plant B yields 
rator. If removal of the dispersed its grease content more slowly, al- 
oil is necessary, it must be accom- though a lower final grease content is 
plished by flotation or sedimentation reached. Sample 2 from this plant 
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FIGURE 3.—Oil removal from waste water from a typical oil refinery. 
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would continue to yield grease for a 
relatively long time, and such water 
must have a longer detention time, 
otherwise the effluent will fail to meet 
floatable oil criteria. Twenty minutes 
per foot would appear to be needed. 

The foregoing paragraphs are not in- 
tended to imply that two tests from a 
plant would serve as a basis of design, 
but examination of a sufficient number 
of samples properly selected will serve 
this purpose. 

Eight tests upon the waste water 
from a large refinery served design 
purposes in that case. Three typical 
curves of the eight are shown in Fig- 
ure 3. In four of these cases observa- 
tions were made of flow rates and pre- 
dictions were made of the effluent com- 
position from the existing refinery 
separator (Table III). Possible sources 
of variation would be expected to lead 
to greater differences between labora- 
tory and plant results than appear in 
Table III; hence the close agreement 
must be partly fortuitous. But in any 
case it is evident that the laboratory 
tests on this refinery waste were closely 
related to separator performance. 

Concern has been expressed lest a 
colloidal suspension may ‘‘break”’ 
upon dilution with sewage or with the 
receiving water. This may occur with 
concentrated emulsions or, perhaps, 
with emulsions stabilized with soap. 
As far as application of control stand- 
ards is concerned, the problem is sim- 
ply handled by ascertaining whether a 
reduction of colloidal stability occurs 
upon dilution with the receiving 


TABLE III.—Comparison of Predicted and 
Observed Oil Contents of Refinery 
Separator Effluent 


Oil Content of Effluent (mg. /1.) 


Sample No — 
Predicted Observed 
1 64 60 
2 110 | 112 
3 178 183 
4 110 | 110 
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TABLE IV.—Effect of Sea Water Admixtures 
on Rate of Separation of Oil from Refinery 
Waste Water; Original Oil 
Content = 382 P.P.M. 


Oil Remaining 


) 


Capacity 
Factor 
Undiluted 33°) Sea 67% Sea 
Waste Water Water 
18 - 79 
24 - 62 76 
36 50 — 71 
48 44 54 
192 39 
1,540 3 30 42 


* Capacity factor = detention time, in min- 
utes, divided by depth of tank. 


stream. By way of illustration, a 
sample of refinery waste water des- 
tined for disposal into a harbor was 
settled for various periods of time, 
with determinations of the percentage 
of oil floating. Similar series were run 
with -mixtures of sea water and re- 
finery waste, containing 33 per cent 
and 67 per cent of sea water (Table 
IV). 

For certain reasons the time inter- 
vals are not the same for all samples, 
but it is evident that the stability of 
the colloidal oil was increased rather 
than decreased. Another mixture of 
sea water with refinery waste water 
gave similar results, and so did mix- 
tures of sewage with barrel washing 
waste and with refinery waste water. 
One should not, of course, generalize 
on the basis of these four cases, and 
in any doubtful case tests should be 
made to ascertain the effect of the 
waste water after it is mixed with its 
potential subsequent diluents. 


Summary 
Part I 


A test has been specified which 
measures the amount of oil and grease 
separating under standard conditions 
from a waste water sample by floating 
to the surface or by being carried to 
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the surface or by clinging to the walls 
of the vessel. The test is called a 
**floatable-oil and grease’’ test, since 
it approximately represents the amount 
of oil and grease which may be skimmed 
from a settling tank at analogous load- 
ing. Because of the different import 


of the oil and grease which floats as 
compared to that which does not, this 
test affords a criterion useful in judg- 
ing the acceptability of a waste for 
discharge in various situations. 


Part II 

By using variable detention times in 
measuring the amount of oil or grease 
separating from a waste water, curves 


According to Plans and Specs,* offi- 
cial organ of the Municipal Con- 
tractors Association, a recent survey of 
that group’s members brought 100 per 
cent results favoring centering of com- 
plete responsibility for procuring ma- 
terials and equipment for construction 
jobs upon the contractor. In their 
replies, members stated the necessity 
for centering complete responsibility 
and authority in the hands of the con- 
tractor if he is to be able to plan the 
progress of his job and be assured that 
all equipment will be available when 
required. The practice further assures 
against improper ordering and the issu- 
ance of incomplete orders. Also, the 
contractor is able to handle delivery 
promises more readily when they are 
made directly to him. In statements 
relating past experience, it was shown 
that costly delays can result when re- 
sponsibility for placing orders is in 
the hands of a third party. 

As one contractor summed it up: 
‘The contractor is responsible for 
building a complete plant and placing 
it in operation. He should therefore 
have complete responsibility for pro- 
euring all materials and equipment so 
*Vol. 1, No. 11, p. 4 (Sept., 1953). 
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are drawn showing the relationship of 


these variables. These curves can be 
used as a basis of design or for pre- 
diction of performance of separators, 
provided comparisons are made on the 
basis of a capacity factor expressed as 
“‘minutes per foot,’’ or some compar- 
able measure, the ‘‘minutes per foot’’ 
factor being equal to detention time in 
minutes divided by depth of the tank. 
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that he can expedite deliveries, handle 
claims on shortages and breakage, and 
schedule factory service men, and so 
that he will know exactly what is be- 
ing supplied.’’ 

Response to the survey further 
showed that the contractors agree that 
in order to secure for owners the most 
satisfactory results, it is of first impor- 
tance that the engineer require through 
clearly worded specifications the exact 
equipment (or equal) that is desired 
to best fill specific needs. This prac- 
tice would insure selection of equip- 
ment, on a basis of specifications rather 
than names, that will meet the required 
standards. 

The survey was conducted as a fol- 
low-up on a resolution presented in 
January, 1953, by a joint committee 
of the Associated General Contractors 
of America, Ine., and the American 
Public Works Association. The reso- 
lution urged that governing bodies 
should permit contractors to furnish 
and install all machinery, equipment. 
and materials to be incorporated in a 
construction job, except when special 
circumstances would make it clearly 
contrary to the best interest of the 
agency involved. 
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It is the purpose of this paper to 
discuss an industrial waste treatment 
plant of the pressure-flotation type, 
which was installed to treat process 
waste at the Trenton, Mich., plant of 
the Chrysler Corporation. The treat- 
ment plant, which has been in opera- 
tion since May 5, 1952, is reported to 
be the first of its type to be used in the 
automotive industry. 

The principal equipment for the re- 
duction of pollution in the waste con- 
sists of a Colloidair separator, rated at 
400 g.p.m. An 830-sq. ft. plate and 
frame filter follows the separator in 
order to provide additional control of 
effluent quality. Housed in a building 
54 ft. by 50 ft. by 20 ft., the equip- 
ment provides for treatment of the 
process wastes from a 1,000,000-sq. ft. 
plant. 

The manufacturing plant design in- 
cludes three separate sewer systems: 
storm water, sanitary, and _ process 
wastes. The raw process waste con- 
sists principally of spent soluble oil 
coolants, washing machine waters, and 
some free oil. The effluent leaving the 
treatment plant is discharged to the 
Trenton sewer system and must meet 
the exceptionally high standard speci- 
fied for industrial waste entering that 
system. 

In designing the treatment facilities 
(Figure 1) it was estimated from the 
operations contemplated that the 
manufacturing plant would eventually 
reach a peak discharge of approxi- 


*Presented at 1953 Annual Meeting, 
Michigan Sewage and Industrial Wastes 
Assn.; East Lansing, Mich.; Sept. 21-23, 
‘1953, 
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mately 250,000 gal. of oily waste in 
a 24-hr. day. To process this volume 
it would be necessary to operate the 
treatment plant for two shifts, with 
about 614 hr. of actual operating time 
per shift, and at a rate of about 320 
¢.p.m. These estimates indicated that 
waste processing equipment having a 
rated capacity of 400 g.p.m. should 
provide adequate facilities. 


Selection of Equipment 


Considerations which lead to the de- 
cision to install pressure-flotation type 
equipment were as follows: 


1. The desired capacity was readily 
available. The Colloidair separator, 
which was the unit under considera- 
tion, provides continuous processing 
when desired, and requires relatively 
little floor space. 

2. Visits were made to several South- 
ern California installations in which 
such separators are used to treat oily 
industrial wastes similar to those 
Chrysler proposed to process. 

3. A pilot plant operation was con- 
ducted at the corporation’s Plymouth 
Division using a 50-g.p.m. separator 
furnished by the manufacturer. The 
results observed indicated that the 
equipment should do the job in a satis- 
factory manner. 


The other principal piece of equip- 
ment selected was an 830-sq. ft. plate 
and frame filter. This was necessary 
in order to meet the Trenton sewage 
treatment specifications for oil content 
of the effluent, which are not more 
than 10 p.p.m. average or 30 p.p.m. 
maximum for one shift. 


| 
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Contreh ously 


End: Sanitary Sewer 


FIGURE 1.—Flow diagram for soluble oil waste treatment at Trenton, Mich., plant of 
Chrysler Corporation. 


Accessory equipment on the operat- 
ing floor includes five chemical mixing 
tanks, duplicate waste transfer pumps, 
automatic filter aid feeder with pump, 
and sludge transfer pump. Accessory 
facilities below the operating floor level 
include duplicate feed pumps and air 
injector systems. 


Waste Storage Tanks 


Below the operating floor there are 
three storage tanks—one 10,000-gal. 
settling tank to receive the raw waste 
and permit the heavier suspended sol- 
ids to settle out; one 20,000-gal. sludge 
tank equipped with a pump for trans- 
ferring separated water to the holding 
tank, or transferring sludge to a dis- 
posal system; and one 100,000-gal. 
holding or storage tank. 

In deciding on the capacity of the 
holding tank, it was considered that a 
large storage facility has several ad- 
vantages. The concentration of con- 
taminating materials can be leveled 
out, reducing the need for frequent 


adjustment of chemical feeds. In ad- 
dition, a more uniform rate of flow 
through the separator can be main- 
tained and effects of temperature 
changes in the waste flow can be mini- 
mized. 


Operating Principle of Separator 


Suspended particles with densities 
less than or approaching that of the 
liquid tend to separate by floating. 
Flocculent suspensions heavier than 
water may be much more rapidly sepa- 
rated by flotation with attached air 
than by settling procedures. The oper- 
ating principle of the Colloidair sepa- 
rator is flotation by means of minute 
air bubbles attached to particles sus- 
pended in the liquid. In using dis- 
solved air flotation, it is obvious that 
the capacity of the treatment unit can 
be based on the rate of flotation rather 
than on settling times. This results in 
relatively small space requirements 
and short retention times. 
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Operating Procedure and Treatment 


The oily waste is transferred from 
the factory by gravity through a 15- 
in. line into the 10,000-gal. sump lo- 
cated under the waste plant operating 
floor, where some of the heavier solids 
settle out. From here the waste is 
pumped to the 100,000-gal. holding 
tank, also under the operating floor. 
Each day before starting the separator, 
floating oil is removed from the holding 
tank by a manually operated skimmer 
located at one end. The oil flows by 
gravity to the sludge tank. As the proec- 
ess wastes containing emulsified oil, 
suspended solids, and the free oil not 
removed by skimming pass from the 
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holding tank through a centrifugal 
feed pump, about 1 per cent by volume 
of atmospheric air is injected on the 
suction side, and is dispersed in the 
waste by the pump’s impeller. The 
waste next enters a pressure-retention 
tank (Figure 2) located at one end of 
the separator where the air is dissolved 
in the liquid at a pressure of about 
35 p.s.i. The holding time in this tank 
is about 1 min. 

Automatie control of waste flow 
through the pressure tank is brought 
about by a liquid level controller in 
the holding tank. This in turn oper- 
ates a flow control valve to the flota- 
tion chamber so that the flow treated 


FIGURE 2.—Pressure-retention tank and chemical feed equipment. 
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FIGURE 3.—Colloidair separator in operation, showing fine cloud of air bubbles and 
flights skimming grease layer. 


will vary with the effluent. The same 
air signal which operates the flow con- 
trol valve also actuates chemical feed 
valves so that correct feed is main- 
tained proportional to flow. 

Oil emulsions are broken by chemi- 
cal treatment with small amounts of 
aluminum sulfate and activated silica. 
In the Trenton installation the silica 
dispersion is injected along with the 
air on the suction side of the pump. 
The aluminum sulfate solution is in- 
jected between the pressure retention 
tank and the flotation tank. 


Flotation 


From the pressure tank the waste 
flow is released through an automatic 
valve to one end of the open flotation 
chamber, where the dissolved air comes 
out of the solution as a continuous 
cloud of extremely minute air bubbles. 


These attach themselves to the released 
oil droplets and other suspended ma- 
terial, floating them as a surface layer 
on the water (Figure 3). This layer 
is skimmed by continuous flight scrap- 
ers, moved up an inclined ramp and 
into a sludge pit at the opposite end 
of the flotation chamber (Figure 4). 
Holding time in this chamber is about 
18 min. After the chemically treated 
waste enters the inlet section of the 
flotation tank all separation steps are 
visible, including flotation and skim- 
ming of grease, removal of grease and 
sludge, and separation of the clarified 
water. 

The flotation of the suspended ma- 
terial is accomplished without turbu- 
lence or frothing because the release 
of the dissolved air occurs uniformly 
over the entire area of the inlet sec- 
tion. Clarified water freed from grease 
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FIGURE 4.—Typical floated greas 


is continuously removed from the bot- 
tom of the flotation chamber by three 
tubes running transversely across the 
bottom and ending in adjustable riser 
tubes in the clarified water compart- 
ment, which is attached to one side of 
the flotation tank. The water is dis- 
charged from each tube as a cascade 
spray. Adjustment of the riser tubes 
determines the operating level in the 
flotation chamber. By this device the 
level may be adjusted so that the flight 
scrapers remove the floating layer of 
solids and grease to any depth desired. 
This makes possible selective removal 
of sludge from the very top laver if a 
concentration of sludge is desired. 


Filtration 


As a secondary treatment, the clari- 
fied water is passed through a dia- 
tomaceous earth, 830-sq. ft., plate and 
frame filter (Figure 5), the effluent 
from which goes to the Trenton sewer 
system. 

In summary, then, Collaidair sepa- 
ration of oily wastes is made up of the 
following steps: 
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e sludge being pushed into sludge pit. 


1. Breaking of oil-in-water emulsions 
by the combined action of the alumi- 
num ion and the acidity of the alumi- 
num sulfate solution. 

2. Flocculation of aluminum hydrox- 
ide by the alkalinity of the sodium sili- 
cate solution. 

3. Floceulation of activated siliea 
and growth of the silica micelles. The 
flor consists of a mixture of aluminum 
hydroxide and colloidal silica. 

t. Adsorption of grease by the floc. 


Flotation of grease and suspended sol- 
ids by colloidal air. 


». Separation of grease and water 
by flight skimming and bottom with- 
drawal of clarified water. 

6. Filtration to remove any remain- 
ing floc and adsorbed grease. 


Space Requirements of Pressure- 
Flotation Equipment 


The 400-¢.p.m. treatment unit at 
Trenton is 27ft. 4 in. lone, 7 ft. 6 in. 
wide, and 5 ft. 7 in. deep. An addi- 
tional 4 ft. of length is required for 
the pressure retention tank. The clari- 
fied water tank, which is attached to 
one side of the flotation chamber is 16 
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ft. long, 3 ft. 5 in. wide and 5 ft. 7 in. 
deep. At the discharge end this tank 
has a 90° V-notch weir for convenient 
checking of the approximate flow of 
the separated water. At the surface 
of the separator there are nine wooden 
flight scrapers with neoprene edges 
moving on an endless chain driven by 
a 14-h.p. motor. 


Sludge Handling 


The skimmed sludge from the sepa- 
rator, consisting of oil and aluminum 
hydroxide-silica floc, flows by gravity 
to the 20,000-gal. sludge tank. This 
tank also receives the free oil skimmed 
manually from the holding tank. After 
gravity separation has occurred, the 
water is pumped to the holding tank 
for recycling, and the concentrated 
sludge is pumped through a pipe and 
fire hose in the rear of the plant to 
containers. 


Cleaning of Sumps, Holding Tank, 
and Filter 


The 10,000-gal. sump receiving waste 
from the manufacturing plant was 


44 j i 


ii if 


SOLUBLE 0:L WASTES TREATMENT 


FIGURE 5.—Plate and frame filter using diatomaceous earth filter aid for secondary 
treatment of oil-bearing wastes. 
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cleaned at the end of one year’s opera- 
tion. The 100,000-gal. holding tank 
was cleaned on the same day as the 
smaller one. It contained about a foot 
of rather thick sludge, some of which 
could be pumped. The time required 
to clean both tanks was 18 man-hours. 
The 20,000-gal. sludge tank is cleaned 
weekly. 

It appears necessary to clean the 
plate and frame filter after about every 
50 hr. of operation. 


Operating Troubles 


At the Trenton plant the separator 
is currently in operation about 51% hr. 
a day for 5 days a week. This inter- 
mittent operation has given rise, at 
times, to filtration trouble, in which 
portions of the diatomaceous earth pre- 
coat may dry and become detached 
from the filter cloth, resulting in in- 
complete removal of the floc. This has 
been overcome to a considerable extent 
by applying a fresh precoat to the fil- 
ter pads each morning. 

Some trouble was experienced in the 
early days of operation with loss of 
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Raw Waste! Separator Effi. Filtered Effi. Pic 
Determination 
Range Median} Range | Median} Range | Median| Gen. Av. — 
Grease (p.p.m.) 50-16,450) 717 6-89 | 27 0.8-25 8.2 10 30 
pH |5.9-10.8 8.1 | 4.1-7.2| 5.2 | 4.1-8.8 6.7 | 6.5-9.0 10.0 
Susp. solids (p.p.m.) | 48-38,400| 1,941 | 7-77| 35 | 0-70 | 9 200 400 
Cyanide (p.p.m.) 0 0 0 | O 0 | O 1 1 
Chlor. demand (p.p.m.) | 2.5-90 20 | 0.8-5.8} 1.5 |0.6-11.8) 2.1 10 15 
Total solids (p.p.m.) — 


1 Samples taken weekly from May, 1952, to June, 1953. 
? Samples taken during May, June, and July, 1952. 


chemical feed. In every case the lines 
or valves were plugged by undis- 
solved chemicals. Air agitation of the 
aluminum sulfate solution and the use 
of an improved quality of sodium 
aluminate has eliminated the trouble. 


Analytical Results 


Regular analysis of samples from the 
Trenton plant Colloidair separator 
provides the information required for 
several purposes—specifically, chemical 
control of the treatment processes, the 
extent of removal of pollution from 
the raw waste, and conformity of the 
final effluent to the specified standard. 

The median and the range of the 
first 50 samples taken since the plant 
started operation in May, 1952, are 
given in Table I, which shows that 
with a few minor deviations the waste 
treatment process is consistently pro- 
ducing effluents which conform to the 
regulatory specifications. The range 
shows the lowest and highest values, 
omitting in several cases raw waste 
results in which the sample was deter- 
mined to be not representative. The 
specifications to be met by the treat- 
ment process are given as those estab- 
lished for the final effluent discharged 
to the Trenton sewer system. 

In all cases the filter effluent median 
is in conformity to the general average 
specifications. In all determinations 
except pH, the filter effluent range also 
conforms either to the specified aver- 
age or to the one-shift maximum. 


_— |282-596 396 | Not spec.) Not spec. 


Efficiency of Pollution Removal 


The amount of oil and suspended 
solids entering the manufacturing 
plant process waste is the amount to 
be removed by the treatment system. 
The efficiency of the removal is indi- 
cated by the percentage of reduction 
of the polluting materials. Experi- 
ence with the Colloidair separator 
when used to process oily wastes at this 
plant shows satisfactory reductions in 
the pollution (Table II), the values be- 
ing based on the medians given in 
Table I. The chemicals used in the 
Trenton plant are given in Table III. 
The preparation of solutions and of 
the colloidal silica dispersion is done 
by the regular operator. 


Chemical Costs 

Current usage shows chemical costs 
of about $0.12 per 1000 gal. of waste 
processed. About $0.02 of this total 
represents the cost of the sodium alumi- 
nate used to increase the pH of the 
final effluent to the desired range. For 
this purpose a cheaper material is 
TABLE II.—Oil Treatment Efficiencies 


| 


| Removal | Removal of 


Treatment of Oil | Susp. So 
| (%) (%) 
Separator, with chemical | 
treatment | 96.2 98.2 
Separator followed by di- | 
atomaceous earth filtra- 
tion 98.85 | 99.5 
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TABLE III.—Chemicals Used in Oil Waste Treatment 


| 
Chemical | Grade 


Purpose 


Aluminum sulfate | Commercial, ground 


Sodium silicate 
| “N” brand 
Commercial 
33° solution 
| Johns-Manville Hyflo 


| Super-Cel 


Ammonium sulfate 
Sodium aluminate 
Diatomaceous earth 


| Philadelphia Quartz Co. 


“Breaking” the oil emulsion; formation of 
| aluminum hydroxide floc. 
Basis for colloidal silica to assist flocculation ; 
to furnish alkalinity for formation of floc. 
| Activator for formation of colloidal silica. 
| To control pH. 
| Filter aid. 


| 
| 


contemplated, to be applied at a point 
in the system where it will not inter- 
fere with the chemical feed equipment. 


Overall Operating Costs 


The following represent current op- 
eration costs: 


Cost per 1,000 
Gal. of Waste 


Chemicals $0.12 
Labor 0.255 
Power 0.042 
Air (negligible) 
Total $0.417 


The labor cost will be no greater 
when the separator is operated at its 
capacity of 400 ¢g.p.m. The present 
operation is at the rate of 250 g.p.m. 
It is anticipated that the chemical 
usage will be decreased as the opera- 
tors become more experienced in their 
use and the possibility of lower cost 
materials have been fully investi- 
gated. 


Preparation of Activated Silica 


Floceculation of the type required 
for the successful operation of the 
separator at Trenton depends on the 
use of a few p.p.m. of a colloidal dis- 
persion of silica as a coagulant aid, 
prepared as needed from sodium sili- 
cate using small amounts of ammonium 
sulfate as the ‘‘activator.’’ The disper- 
sion is usually referred to as N-sol 
activated silica and is prepared from 
Philadelphia Quartz Company ‘‘N”’ 
brand sodium silicate (1) (5) (6). 

The action of the ammonium sulfate 
is to neutralize a part of the alkalinity 


of the sodium silicate, which then con- 
verts to colloidal silica. The neutral- 
ized solution is aged to permit the 
silica micelles to grow or become ‘‘acti- 
vated.’’ The probable reaction is: 


Na,SiO, + (NH,),SO, > SiO, 
+ 2NH, + Na,SO, + H,0. 


The resultant mixture is then di- 
luted to a lower silica concentration 
to stop the growth and to produce a 
stable dispersion, and to prevent gel 
formation. The appearance of a slight 
opalescence is an indication of an acti- 
vated silica dispersion. The colloidal 
silica particles possess a negative elee- 
trical charge, which attracts posi- 
tively charged ions such as aluminum. 
Mutual coagulation oceurs and the net 
effect is the formation of a large, 
tough, highly adsorbent floc. The ap- 
plications to water systems and certain 
industrial wastes have been discussed 
by Hay (1) (3) (4), Black (2) (7), Mer- 
rill (5) (6), and others. 


Development Work 


As a result of cooperative opera- 
tional studies between the Plant En- 
gineering Department and the Chrys- 
ler Engineering Division, chemical 
usage has been decreased and effi- 
ciency in the reduction of pollution 
has been improved. Further reduction 
of chemical usage offers interesting 
possibilities. 

Development work at present is con- 
cerned with decreasing the chemical 
usage to the minimum consistent with 
good operational efficiency; and with 
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methods for disposal of grease sludge 
from the separator. 


Summary and Conclusions 


1. In the installation described, a 
pressure-flotation type of separator 
achieves quantitative separation of an 
oily waste. 

2. The separator is considered as a 
primary treatment. It is followed by 
diatomaceous earth filtration using a 
plate and frame filter, in order to 
bring the effluent within the specified 
range of 10 to 30 p.p.m. of oil. 

3. Since installation the treatment 
plant has yielded effluents which have 
consistently met the high quality speci- 
fied for industrial waste entering the 
Trenton, Mich. sewer system. <A very 
satisfactory removal of oil and sus- 
pended solids has been achieved. 
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4. The equipment requires a rela- 
tively small floor space. Chemicals 
used for emulsion breaking and floc 
formation are inexpensive and com- 
mercially available. 

5. Operating costs are not consid- 
ered out of line and definite possibili- 
ties exist for lower unit costs at ca- 
pacity operation of the separator. 
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There is practically no standard de- 
sign of the waste disposal plants for 
the metal industry because even two 
very similar plants may face various 
problems in which the treated wastes 
may have to be discharged either to 
rivers, lakes, small brooks, sanitary 
sewers, deep wells, lagoons, or refuse 
areas. Each river may be classified dif- 
ferently and may have different zones 
—each with different requirements for 
the industrial effluent. The same ap- 
plies to lakes and brooks. brook 
may be so small that the industrial 
effluent may change it into a river. 
Sanitary sewers may lead to different 
types of sewage works having differ- 
ent requirements for toxie chemicals. 
Lagoons, deep wells, and refuse areas 
present a danger of seepage of toxic 
materials to rivers, lakes, and potable 
wells. In some cases, none of the above 
listed conveniences are economically 
possible and one must resort to barg- 
ing out to open sea or even to a full 
evaporation. 

On top of this, different chemical 
composition of the wastes, different 
draining schedules, financial resources 
of the manufacturer, time of delivery 
of equipment, and urgency of the prob- 
lem have to be considered. All this 
proves that each waste disposal plant 
has to be designed individually. 

Three examples are cited to show 
how these problems have been solved, 
using a flow-through system. The 
phrase ‘‘flows-through system’’ may 
need some explanation. The descrip- 
tion ‘‘batch process’’ is clear. A‘‘con- 

* Presented in part at 123rd National 


Meeting, American Chemical Society; Los 
Angeles, Calif.; Mareh 17, 1953. 
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tinuous process’’ means that deriva- 
tives with respect to time are constant 
at any point, or that operating vari- 
ables are held to a steady value. 
Neither of these designations apply to 
the system under discussion. The 
equipment is performing different op- 
erations at different times and there 
are wide variations in the rates of 
flow. Furthermore, the equipment was 
designed in such a manner that addi- 
tional corrections of the liquors may 
still be made in each holding tank. 
The flow-through system is especially 
economical for large quantities of 
wastes and where space is limited. 


Treatment of Wastes to be Dis- 
charged to the River 


In one plant the manufacturing 
stock is plain carbon steel and brass; 
but the operations include pickling, 
phosphate coating (Foscoating or 
Bonderizing), lubrication with special 
soaps for drawing, varnish stripping, 
and washing with special detergents. 
The waste waters carry sulfurie acid, 
caustic soda, silicates, phosphates, 
soaps, and detergents. The metal ions 
present are sodium, ferrous iron, ferric 
iron, hexavalent chromium, zine, and 
copper. 

The large volume of wastes from 
these processes could not be handled, 
even after treatment, by the municipal 
sewer of a small town. So it became 
necessary to provide suitable treatment 
such that the treated water would 
meet the requirements of Zone 2 of the 
Delaware River. These particular re- 
quirements have been discussed by 
Milligan (1). 
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The various processing tanks all dis- 
charge into one chemical sewer made 
of vitrified clay pipe. The line dis- 
charges into an acid-proof sump that 
is low enough so that the sewer will 
drain itself. The alkaline processing 
tanks are drained on a nightly sched- 
ule and the acid tanks on a weekly 
one as required by the production 
schedules. Alkaline and acid rinses 
flow continuously to the sewer, how- 
ever, during week days. 


Acid Solutions 


From the sump, the acid solutions 
are pumped at a steady rate into a 
bottomless neutralization tank located 
in one corner of the lagoon. This tank 
is provided with an agitator and a pH 
meter. Lime slurry comes through a 
control valve from the lime slaking 
equipment, which comprises unloading 
equipment, feeder, slaker, and 
storage tank, and which produces a 10 
per cent milk of lime slurry. The pH 
controller and a control valve admit 
the proper amount of slurry into the 
bottomless neutralization tank to hold 
the pH between 7.0 and 8.0. Neutral- 
ized liquors, together with all precipi- 
tated solids, underflow from this tank 
to the lagoon. 


silo, 


This procedure pre- 
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vents the formation of any gypsum in 
the sump where it would be more or 
less of a nuisance. 

The foregoing describes the treat- 
ment of the pickling acid wastes, where 
concentration varies from 10 to 15 per 
cent of H.SO, plus some phosphoric 
acid and ferrous and zine cations. 

At other times acid rinse waters are 
discharged from the plant. These 
wastes are much larger in volume than 
the volume of the pickling acid and 
carry only small amounts of acids, al- 
though these amounts are still enough 
to require neutralization. The equip- 
ment is operated in the same manner, 
except that larger pumps are used. 


Alkaline Solutions 


When the solution entering the sump 
is alkaline, sulfuric acid is used for 
neutralization directly in the chemical 
sump (Figure 1). This acid is pumped 
through its own control valve. Since 
nearly all of the constituents of the 
alkaline wastes and their neutraliza- 
tion products are soluble, there is no 
problem of great amounts of precipi- 
tate forming in the sump. Besides, the 
agitator in the sump keeps the solids 
in suspension while the liquors from 
the sump are pumped to the lagoon. 


FIGURE 1.—Chemical sump and pump house. 
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Since these operations are not si- 
multaneous, it is convenient to use one 
pH recorder-controller with two assem- 
blies of electrodes and control valves. 
One assembly handles lime slurry in 
the bottomless neutralization tank and 
the other handles sulfurie acid into 
the chemical sump. 

The amount of sulfuric acid needed 
for neutralization is very small. 
Hence, it was considered unnecessary 
to have large holding tanks where alka- 
line and acid wastes will partly neu- 
tralize each other. 


Aerator 


On the top of the bottomless receiver 
is located a wooden aerator (Figure 2), 
where the liquid splashes and cascades 
over the baffles while air enters through 
the louvers. The purpose of this aera- 
tion is to oxidize green ferrous hy- 
droxide to brown ferric hydroxide, 
which will settle much faster in the 
lagoon. The large surface of the la- 
goon also aids the oxidation reaction. 


Lagoon and Filter 


It is highly unsatisfactory to depend 
upon seepage from a lagoon or pond 
for the disposal of solutions, as these 
solutions may make trouble for the 
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to aerator, dredging boat with floating discharge hose, and sludge. 


neighbors. In the case under disecus- 
sion the lagoon is lined with reinforced 
concrete to prevent seepage, and hence 
it is actually a large sump. The deten- 
tion time of the liquors is 1 to 2 days. 
The precipitate, consisting mainly 
of gypsum with small amounts of fer- 
ric hydroxide, calcium phosphate, iron 
phosphate, copper, chromium, zine hy- 
droxides, and other constituents, set- 
tles to the bottom. Several retention 
baffles arranged across the lagoon and 
extending only 3 ft. above the bottom 
divide the lower part of the lagoon 
into several compartments. The closer 
the compartments are to the bottomless 
receiver the more sludge is found in 
them. From time to time the sludge 
is dredged out by a gasoline pump lo- 
cated on a rowboat. The sludge is de- 
livered through a hose connection to a 
surge tank and thence to a rotary 
vacuum dise filter, covered with Vin- 
yon-N-719 filter cloth. The overflow 
from the surge tank and the filtrate 
flow back to the lagoon. There is no 
need of producing a perfectly clear 
filtrate. The filter cake is trucked 
away and used as fill. 

Consideration was given to installing 
mechanical scrapers to continuously 
move the sludge to the pump feeding 
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: FIGURE 2.—Corner of concrete lined lagoon, showing overhead pipes from chemical sump tage 
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the filter. However, due to the neces- 
sity of starting up the waste disposal 
plant as soon as possible, the continu- 
ous scraping method was abandoned 
and batch dredging was decided upon. 


Oil and pH Control 


The effluent from the lagoon passes 
through an oil separator (Figure 3) so 
that no oil can reach the river. Part 
of the effluent is used for slaking the 
lime. The effluent pH is recorded auto- 
matically and the charts are kept avail- 
able for the inspectors of the Depart- 
ment of Health. 

In case the pH of the lagoon wa- 
ter should get out of bounds, ar- 
rangements have been made to close 
the outfall of the lagoon and recireu- 
late the solution. The recirculation 
line extends from one corner of the 
lagoon, through a pump, to the oppo- 
site corner. Meanwhile, the level in 
the lagoon will rise, due to the influx 
of fresh wastes. Recirculation and pH 
adjustment has to be done within a 
maximum of 12 hr. in order to prevent 
the lagoon from overflowing. 
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In a recent publication, Hoak (2) 
states that when slurry from the neu- 
tralization of pickling solutions is la- 
gooned, it is generally not practical 
to draw off the supernatant liquor. 
However, in this case, because of the 
simultaneous aeration and mixing of 
the waste pickling solution with high- 
calcium lime slurry, the sludge settles 
satisfactorily. The effluent from the 
lagoon is clear and meets the specifica- 
tions for discharge to the river. 


Chromium 


Hexavalent chromium does not pre- 
sent any difficulties in this metal plant. 
The amount is small and it is reduced 
to the trivalent form by the addition 
of spent pickling acid. The ferrous 
sulfate is the reducing agent. <A suffi- 
cient quantity of the waste pickling 
acid is dumped into the process tank 
and stirred for 30 min., which is suffi- 
cient time to complete the reaction. 
Only then is the liquid discharged to 
the chemical sewer. 

Where chromic acid solution is very 
dilute the process tanks are made of 


FIGURE 3.—End of the lagoon with oil separator during construction. The lagoon is 
being filled with water to avoid cracks in the concrete lining. 
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carbon steel. In such cases, waste pick- 
ling acid cannot be used, as it would 
corrode the tank. Sodium bisulfite in 
powder form or ferrous sulfate is used 
instead. 


Varnish Stripping 


Two alternate processes are used for 
varnish stripping. One uses hot solu- 
tion of sodium hydroxide, detergents, 
and chromic acid, while the other uses 
a medium that contains cresylic acids. 
In the latter case the wastes containing 
cresylic acids are pumped directly from 
the process tanks and after the addition 
of naphtha or kerosene are burned off 
in a pit. There is no possibility of 
cresylic acids reaching the river. 
Soap Solutions 

Lubrication for the cold drawing of 
steel is carried out with hot concen- 


trated soap solutions. 
are 


These solutions 
discharged. To prevent 
congealing of the soap in the sewer 
and the sump, special precautions are 


seldom 


Cations: 
Cadmium 
Chromium, hexavalent 
Copper, as Cu’ or Cu* 
Gold 
Nickel 
Silver 
Rhodium 
Zine 


Anions: 
Chlorides, as Cl- 
Cyanates, as CNO- 
Cyanides, as CN- 
Fluorides, as F- 
Phosphates, as PO, 
Ammonia 
Chlorine, residual 
Ilydrogen sulfide | 
Nitrous oxides + 
Sulfur dioxide | 


Organic Compounds: 
Phenol 
Solvents and oils 
Sulfonated castor oil 
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necessary when draining the soap tanks. 
The soap solution is washed down with 
large quantities of water. Of course, 
this requires additional lime in the 
bottomless receiver of the lagoon to 
precipitate calcium stearate from the 
solution. 


Treatment of Wastes to be Dis- 
charged to the Sewer 


In another plant, the waste disposal 
problem was quite different. This was 
a substantial electroplating plant lo- 
cated on a site where the only avail- 
able exit for waste waters was the 
municipal sewer. The capacity of this 
sewer was much less than might have 
been desired, so every effort was made 
to reduce the volume of wastes at the 
source by the use of the three rinse 
tank system, described elsewhere (7). 
The volume of the wastes was reduced 
approximately 20 times. 

After negotiations, the Rahway Val- 
levy sewage treatment plant agreed to 
accept plant effluent meeting the fol- 
lowing specifications : 


not more than 


3 p.p.m. 
not more than 3 p.p.m. 
not more than p.p.m. 
not more than 3 p.p.m. 
not more than 10 p.p.m. 
not more than 3 p.p.m. 
not more than 3 p.p.m. 
not more than 3 p.p.m. 


not more than 400 p.p.m. 
not more than 200 p.p.m. 
not more than 1 p.p.m. 
not more than 6 p.p.m. 
not more than 20 p.p.m. 


not more than 2 p.p.m. 
could be more than 5 p.p.m. 


total not more than 10 p.p.m. 


none 
none 
not more than 15 p.p.m. 


: 
| 
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Other Conditions: 


(a) pH—7.0 as a daily average on 
a volumetric basis, with a maxi- 
mum monetary variation of pH 
6.0 to 10.0. 

Temperature within the range 
of 32° to 150° F. 

The amount of insoluble sub- 
stances temporarily not to ex- 
ceed 2,500 p.p.m., or at a daily 
average 500 p.p.m. 

Total solids (soluble or insol- 
uble substances) temporarily 
not to exceed 20,000 p.p.m., or 
at a daily average 2,000 p.p.m. 
Insoluble substances not to have 
a specific gravity greater than 
1.5 or be larger than 1% in. 


These conditions, as far as chromium, 
copper, and cyanides are concerned, 
are even more stringent than those 
listed by Watson (3), who compiled 
specifications from ordinances of dif- 
ferent cities. 

It is worth quoting Dodge and Reams 
(4) that ‘‘certain bacteria are appar- 
ently aided by the presence of cya- 
nides,’? and Ingols and Kirkpatrick 
(5) that ‘‘bacteria can tolerate high 
concentration of chromium where large 
amounts of organic matter are pres- 
ent.”’ 

In this design of the treatment plant 
all oily wastes from lacquer stripping, 
paint spraying, and degreasing are col- 
lected in barrels and dumped into an 
open pit, where after addition of 
naphtha or kerosone they are destroyed 
by burning. 


Waste Segregation 


All other wastes, which are by far 
the larger part, are segregated into one 
or the other of two sumps. All wastes 


from chromium and _ nickel plating, 
from pickling with sulfuric and 
hydrochloric acids, are discharged 
through one sewer into sump No. 1. 
All wastes from copper, silver, cadmi- 
um, brass, bronze, gold, and rhodium 
plating, from nitric acid pickling, and 
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from the laboratory are discharged 
through the other sewer into sump No. 
2. The outlet and all inlets of this 
sewer are trapped to prevent hydro- 
eyanie acid, if evolved in the sewer, 
from reaching the air. 


Acid and Chrome Wastes 


Liquors in sump No. 1 are acid and 
contain hexavalent chromium, which 
has to be reduced. Part of the chro- 
mium will be reduced by the ferrous 
sulfate present in the pickling wastes. 
Further reduction is carried out by 
sulfur dioxide. 

The sump is provided with a suit- 
able agitator and an oxidation-redue- 
tion recorder-controller. Details of a 
similar system using ferrous sulfate 
for reduction have been described by 
Koerner (6). Although the reduction 
with sulfur dioxide may be carried out 
without the other acids, 
their presence is necessary to prevent 
the fouling of the electrodes, which 
will occur when chromium hydroxide 
begins to precipitate. 


presence of 


Cyanide Wastes 


The liquors in sump No. 2 contain 
cyanides, which have to be destroyed 
by oxidation. This is carried out by 
chlorination at 8.5 to 9.0. 

The detention period in sump No. 2 
is several hours using, at the same time, 
an excess of chlorine. It means, of 
course, some waste of chlorine, which 
reacts rapidly with ammonia present 
in small amounts in the liquors, and 
also with any cyanates. 

Full destruction of cyanates by chlo- 
rination requires about 1 hr. at 70° F. 
If this reaction had to be carried to 
completion, the chlorine consumption 
would be approximately 7 lb. per pound 
of sodium cyanide. 

Sump No. 2 provided with 
automatic oxidation-reduction control 
equipment for the chlorine feed line 
and automatic pH control equipment 
for the line which supplies sodium hy- 
droxide solution by gravity. 
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Some hydrated lime in powder form 
is added manually to this sump once 
or twice every hour. Lime reacts with 
complex tartrates, which prevent 
proper oxidation of copper cyanides. 
The pH level is mostly maintained by 
sodium hydroxide. Thus, very few 
solids are precipitated in the sump. 
The agitator in the sump keeps the 
solids in suspension. 

The outlet valves of both sumps will 
close if anything goes wrong with 
the automatic controls. The level of 
the wastes in the sumps may rise for a 
few hours while reduction of chromium 
and oxidation of cyanides are carried 
out manually. Manual operation of 
the sulfonation and chlorination reac- 
tions means that excessive amounts of 
the addition reagents are always used 
and should be avoided as much as pos- 
sible. 


Lagoon 


After completion of these operations 
outlet valves from the sumps are 
opened and the batches dumped. The 
effluents from both sumps flow to a 
bottomless receiver located at one end 
of the lagoon. This receiver is formed 
by a wooden partition, which does not 
extend quite to the bottom of the la- 
goon. The effluents are allowed to 
neutralize each other to the extent pos- 
sible. A pH recorder-controller ad- 
mits powdered hydrated lime from a 
feeder to adjust the final pH between 
7.0 and 8.0. The agitator in the re- 
ceiver provides good mixing before the 
wastes flow under the partition to the 
lagoon. 

The concrete lined lagoon provides 
a retention time of 24 hr. whereas the 
electroplating plant discharges wastes 
only during the day. Any additional 
treatment of the lagoon waters, if re- 
quired, must be done at night. This 
treatment may be carried out by re- 
circulation from the end of the lagoon 
to the first or second sump, where addi- 
tional chlorination, sulfonation, and 
pli adjustment take place. Only af- 
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ter the lagoon waters are passed by 
the chemist may the outlet valve from 
the lagoon to the municipal sewer be 
opened. 

As a safety measure, the effluent 
from the lagoon passes through an oil 
separator although, as previously men- 
tioned, no oils or solvents, are dis- 
charged to the waste disposal plant. 

The municipal authorities allow dis- 
charge of a limited amount of sludge 
into the sewer. To keep within this 
restriction, sodium hydroxide and only 
very little lime is used for neutraliza- 
tion. To keep the sludge in suspension 
while the lagoon is being drained, a 
recirculating pump takes suction from 
one corner of the lagoon and discharges 
to the other three corners. 

To provide for expansion, arrange- 
ments were made for the future instal- 
lation of a filter, should the volume of 
sludge become too burdensome for the 
municipal sewers. 

The procedure will be as follows: 
while the lagoon liquors are being re- 
circulated, part of the liquors will be 
drawn off from the recirculation line 
and forced through a filter press. From 
the press, the filtrate will go directly 
to the sewer. The filtrate may, of 
course, be quite turbid. 


Evaporation of Wastes 


A third metal working plant was 
compelled by the state authorities to 
close down its electroplating depart- 
ment because the requirements for the 
treated effluent could not be met. Sub- 
sequently the rinsing operations after 
each plating tank were changed to a 
three rinse tank system. This reduced 
the volume of the wastes about 15 
times, so that evaporation to dryness 
was economically feasible. 

The wastes from the electroplating 
department are made slightly alkaline, 
separated from the oily layer, filtered, 
and concentrated to one-third the vol- 
ume in a compression distillation unit. 
The concentrated effluent is finally 
evaporated to dryness in a spray drier, 
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so that a small quantity of powder of 
different metal salts results. The con- 
densate from the compression distilla- 
tion is really distilled water and is re- 
turned to the production area. 

A plate and frame filter press is 
used. It has bottom feed and top dis- 
charge and is precoated with diatoma- 
ceous earth. Vents in the frames allow 
the removal of air pockets and improve 
the precoating. 

Operating Costs 

The operating cost of distilling 1,000 
gal. of water by compression distilla- 
tion is $3.50 to $4.00, assuming that the 
eost of energy is $0.01 per kilowatt- 
hour. 

Although the operating cost in a 
conventional three-effect evaporator is 
not higher, the need of a steam boiler 
increases the cost of a waste disposal 
plant. 

Operating costs for evaporation by 
spray drying or by submerged combus- 
tion is more than $10.00 per 1,000 gal. 


Frothing and Flue Gas Scrubbing 


Some trouble was experienced from 
frothing caused by the presence of 
sulfonated castor oil, which had been 
used as a detergent. The addition of 
minute quantities (20 p.p.m.) of ““DC 
Antifoam A’’ emulsion (made by Dow- 
Corning Corp.) to the feed prevented 
the frothing. 

The flue gas from the spray dryer 
passes a water scrubber, which removes 
entrained poisonous dust. Concen- 
trated liquid from the compression dis- 
tillation still is used for scrubbing. 
Thus, no additional water is required 
and the feed to the spray dryer is 
preheated. 
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Summary 


Three recent designs of the differ- 
ent waste disposal plants for the metal 
industry are discussed. In one case 
the treated effluent goes to the river, 
in another it goes to the municipal 
sewer and in fully 
evaporated. 

The flow-through process uses auto- 
matic equipment for neutralization of 
acids by lime or soda, reduction of 
six valent chromium by sulfur dioxide, 
and oxidation of cyanides by chlorine. 

The flow-through 


another it is 


process is so 


adapted that in an emergeney it can 
be changed to a batch process. 
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The investigation reported herein 
was carried out to determine the tox- 
icity thresholds displayed by Daphnia 
magna to various sodium sulfonate 
compounds and to attempt to relate 
the obtained values with some mole- 
cular property. Such information 
should prove valuable for future in- 
vestigations of these compounds, as 
some members of this series are thought 
to be present in effluents of various in- 
dustries and are finding widespread 
use in the field of synthetic detergents. 

Although preliminary work (3) on 
the toxicity of certain sodium sulfon- 
ates to the bluegill, Lepomis macro- 
chirus Raf., indicated that these com- 
pounds are relatively non-toxic to the 
test animal employed, even at moder- 
ately high levels, it was felt that an 
evaluation of these compounds by 
means of the daphnid was advisable, 
as daphnids and other small crustacea 
are an important fish food, and Ander- 
son (2) has shown that Daphnia magna 
is more sensitive to chemicals than are 
fish. 


Material and Methods 


A survey of the literature concerned 
with the measurement of toxicity toler- 
ances by means of bio-assay methods 
clearly shows a lack of standardization 
of the methods employed. It is of 
prime importance that the results ob- 
tained on pure compounds be readily 
reproducible by other workers regard- 
less of the location of the laboratory. 
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Hence, the author has attempted to 
employ such methods as might make it 
possible for other workers to duplicate 
or to evaluate the results obtained in 
the light of other work. 


Chemicals Tested 


This investigation is limited to one 
series of organic compounds, the so- 
dium sulfonates. Many of the com- 
pounds tested were selected on the basis 
of their molecular structure without re- 
gard to the possibility of their being 
present in any industrial effluent. 

All of the sodium sulfonate com- 
pounds employed were of the purest 
grade obtainable (95 per cent or 
greater purity). 


Culture Method 


Culture of the Daphnia magna used 
in this study was according to the 
method of Anderson (2) as modified by 
Freeman and Fowler (4). Culturing 
by the indicated method yielded broods, 
averaging 20 young per brood, every 
214 days. 

Testing Procedure 

The testing procedure employed was 
that of Anderson (2) as modified by 
Freeman and Fowler (4). 

All tests were conducted for 100 hr., 
11 observations being made during the 
period, the observations being made at 
intervals in geometrical progression in 
powers of 1.99. The number of animals 
alive in each solution was recorded at 
the time of observation. 

After establishment of the limits of 
toxicity, three experimental tests were 
conducted over a narrow range of con- 
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centrations, the dilution factor for each 
test being 1.33. 

The tests were all conducted at a 
temperature of 23° + 1° C. 


Calculation of Toxicity Threshold 


The toxicity thresholds were calcu- 
lated according to the method of An- 
derson (2). As the experiments were 
carried out in triplicate, the toxicity 
threshold was calculated for each test 
and the average of the three then de- 
termined. 


Results 


Five experiments were conducted on 
each of 10 organic compounds of the 
sodium sulfonate Nine 
aromatic sulfonates and one was 
alkyl sulfonate. 

Of the 50 experiments, 20 (2 per 
compound) were for the purpose of 
establishing the toxicity range and 30 
(3 per compound) for the establish- 
ment of the toxicity thresholds. 

The 100-hr. toxicity threshold of each 
of the three tests on a given compound 
was determined and the three threshold 
values were averaged. Similarly, the 
100-hr. range (0 to 100 per cent mor- 
tality) for each compound was evalu- 
ated as the average of the three tests. 

The pH of the test solutions at the 
concentration imparting 100 per cent 
mortality was also determined. 

The average 100-hr. toxicity thresh- 


series. were 


an 


SEWAGE AND INDUSTRIAL WASTES 


November, 1953 


olds, the 100-hr. toxicity ranges, and 
the pH values of the 10 compounds 
investigated are given in Table I. 


Discussion 


Toxicity Threshold and Molecular 
Structure 


Examination of the average toxicity 
thresholds in Table I shows several re- 
lationships between the molecular struc- 
ture and the toxicity displayed by the 
sodium sulfonates employed in this 
study. 

Comparison of the toxicity threshold 
of sodium n-butylsulfonate with those 
of the other compounds tested indi- 
cates that the alkyl sulfonates are ap- 
parently less toxic than the aromatic 
sulfonates. 

Analysis of the toxicity threshold 
values for the sodium benzenesulfo- 
nates shows that these compounds are 
not over one-fourth as toxic, on the 
average, as is sodium naphthalene-,- 
sulfonate. Similarly, it is to be noted 
that sodium anthraquinone-a-sulfonate 
is far more toxic to the daphnid than 
is the sodium naphthalene-£-sulfonate. 

Further examination of the toxicity 
thresholds of the sodium benzenesulfo- 
nates shows that substitution of various 
compounds on the benzene ring in- 
creases the toxicity of the parent com- 
pound, sodium benzenesulfonate. Com- 
binations of these radicals further in- 
crease the toxicity, as is shown by 


| 


| Toxicity 
| | 0% 100% Range, pH at 
Compound Tivesbsid Toxicity Toxicity 0-100% 100% 
| ( ’ (p.p.m.) (p.p.m.) Mortality Toxicity! 
p.p.m. 
(p.p.m.) 
Sodium n-butylsulfonate 3,380 1,637 7,827 6,190 | 7.1 
Sodium benzenesulfonate 2,840 1,895 8,000 6,105 4.3 
Sodium p-chlorobenzenesulfonate | 2,394 1,687 3,007 1,320 7.1 
Sodium m-nitrobenzenesulfonate 2,335 1,000 5,618 4618 | 8.6 
Sodium p-phenolsulfonate 1876 | 556 | 5,623 5,067 | 6.7 
Sodium 4-nitrochlorobenzene-2-sulfonate 1,474 318 | 3,187 2,869 | 6.9 
Sodium 2,5-dichlorobenzenesulfonate 1,468 389 3,890 | 3,501 an 
Sodium p-bromobenzenesulfonate 523 200 843 643 6.9 
Sodium naphthalene-§-sulfonate 135 | 55 308 253 
Sodium anthraquinone-a-sulfonate 12 | 10 20 | 7.1 


30 


TABLE I.—Summary of Results of Toxicity Threshold Determinations for Daphnia magna oe 
The standard reference water employed for dilution medium had an average pH value ot 7.34. 
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TOXICITY OF SODIUM SULFONATES 


TABLE II.—Molecular Weights and Parachors of Ten Sodium Sulfonates 


Compound 


Sodium n-butylsulfonate 

Sodium benzenesulfonate 

Sodium p-chlorobenzenesulfonate 
Sodium m-nitrobenzenesulfonate 
Sodium p-phenolsulfonate 

Sodium 4-nitrochlorobenzene-2-sulfonate 
Sodium 2,5-dichlorobenzenesulfonate 
Sodium p-bromobenzenesulfonate 
Sodium naphthalene-s-sulfonate 


Sodium anthraquinone-a-sulfonate 


' Calculated on the basis of free sulfonic ions, employing values of the atomic and struc- 


tural parachors of the molecules. 


sodium 4-nitrochlorobenzene-2-sulfon- 
ate and sodium 2,5-dichlorobenzenesul- 
fonate. 


Toxicity Threshold and Molecular 
Weight 


Upon comparing the molecular 
weights and the 100-hr. toxicity thresh- 
olds of the sodium sulfonates (Table 


II) it is noted that an exact relation- 


| | 
| | 


| 


| | 


Average Toxicity 
Threshold Molecular Weight Parachor! 

(p.p.m.) 
3,380 | 160.18 327.7 
2,840 180.16 344.6 
2,394 214.62 381.8 
2,335 225.16 426.4 
1,876 | 196.16 364.6 
1,474 259.15 463.6 
1,468 249.07 419.0 
523 | 259.08 395.5 
135 230.23 450.5 
12 310.27 585.4 


ship apparently does not exist. How- 
ever, upon plotting these two proper- 
ties (Figure 1) it is noted that a trend 
is present among the sodium benzene- 
sulfonates as a group, the toxicity tend- 
ing to increase as the molecular weight 
increases until a certain level is 
reached, at which level the relative 
change in molecular weight need be 
rather small in order to produce a 


Molecular Weight 
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FIGURE 1.—Molecular weight vs. 100-hr. toxicity threshold (p.p.m.) of 
ten sodium sulfonates. 
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Porachor 


Molecular 


— 


60 80 100 


Toxicity 


marked change in the toxicity thresh- 
old. 

Another interesting relation exists 
between the n-butyl-, the benzene-, the 
naphthalene-8-, and the anthraqui- 
none-a-sulfonates (solid points, Figure 
1). It is seen that an almost direct re- 
lationship exists between the aromatic 
sulfonates, with a marked drop for the 
alkyl sulfonate’s value. Whether this 
relation is attributable to the increas- 
ing molecular weight or to the increas- 
ing volume of the molecule can be de- 
termined from the parachor values of 
the molecules. 


Toxicity Threshold and Parachor 


Examination of the values for the 
parachors of the sodium sulfonates, 
Table II, and the plotting of the para- 
chor and the 100-hr. toxicity threshold 
(Figure 2) shows a peaked curve for 
the benzenesulfonates and a straight 
line for sodium benzenesulfonate, so- 
dium naphthalene-@-sulfonate and so- 
dium anthraquinone-a-sulfonate, with 
a marked drop for the alkyl sulfonate, 


FIGURE 2.—Parachor vs. 100-hr. toxicity threshold (p.p.m.) of ten sodium sulfonates. 


200 400 
Threshold (PPM) 


sodium n-butylsulfonate (solid points, 
Figure 2). 

Since almost the same type of curve 
is displayed for the three different 
kinds of aromatic sulfonates as was 
displayed when the molecular weight 
was employed (Figure 1), it may be 
assumed that the volume of the mole- 
cule, rather than the molecular weight. 
was the determining factor in the toxi- 
city displayed by these three types of 
compounds. 

The benzenesulfonates display a defi- 
nite trend towards increasing toxicity 
with increasing values for the para- 
chor. An exception is sodium p-bromo- 
benzenesulfonate, this compound 
shows a definite increase in toxicity 
even though it has a lower parachor 
value than several of the other sodium 
benzenesulfonates. This deviation, to- 
gether with the slight variation in tox- 
icity with increasing parachor values 
displayed by the other benzenesulfo- 
nates, may be indicative of the impor- 
tance of the substituted group, and 
this factor may outweigh any effect 


as 
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imparted by increasing the molecular 
size or the molecular weight. 


Toxicity Threshold and pH 


The sodium sulfonates apparently do 
not belong to those compounds that 
exert their effect through a change in 
the pH, for the pH values (Table T) 
were within the limits of tolerance of 
Daphnia magna, these limits being 
about 6.0 to 8.7 with an optimum at 
about 7.4 (1). The compounds, then, 
probably belong to the truly toxic 
group or the osmotically modifying 
group, but no information was gathered 
in this study on the osmotie pressure 
displayed by the concentrations of so- 
dium sulfonates employed. 


Conclusions 


1. Ten sodium sulfonates were bio- 
assayed with Daphnia magna and their 
100-hr. toxicity threshold, 100-hr. tox- 
icity range, molecular weight, molec- 
ular parachor, and pH at the 100 per 
cent toxicity level are reported. 

2. The more complex the ring struc- 
ture of the aromatic compounds, the 
more toxic are the compounds; thus, in 
order of increasing toxicity: benzene, 
naphthalene, anthraquinone. 

3. Substitution of various groups on 
the benzene ring increases the toxicity, 
p-bromine imparting the greatest tox- 
icity, followed by 2,5-dichloro, 4-nitro- 
chloro-2-, p-hydroxyl, m-nitro p- 
chlorine substitution. 

4. Analysis of the data on the basis 
of molecular weights yields two con- 
clusions: the toxicity of the sodium 
benzenesulfonates tends to increase as 
the molecular weight increases until a 
level is reached, at which point the tox- 
icity increases more rapidly than does 
the molecular weight; a direct relation 
exists between an increasing number of 
rings, with a corresponding increase 
in molecular weight, and the toxicity. 

5. The parachor data indicate: the 
sodium benzenesulfonates display a 
trend towards increasing toxicity with 
increasing values of the parachor; a 


TOXICITY OF SODIUM SULFONATES 


1335 


direct relation exists between an in- 
creasing number of rings and the para- 
chor; the increase in toxicity with in- 
creasing number of rings is attribut- 
able to the volume of the molecule 
rather than the molecular weight; and 
the nature of a group substituted on 
the benzene ring may be of more im- 
portance than the size of the molecule 
or its weight. 

6. The toxicity of the sodium sulfo- 
nates to Daphnia magna is not attri- 
butable to any effect the compounds 
may have on the acidity or alkalinity 
of the test solutions. 
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Stream Pollution 


OCEAN OUTFALL STUDIES AT SAN DIEGO * 


By J. Kersnark AND Davin H. CALDWELL 


Brown and Caldwell, Consulting Engineers, San Francisco, Calif.; and respectively, Principal 
Assistant Engineer and Member of the Board of Engineers, 
San Diego County Sewerage Survey 


San Diego County borders the Pacific 
Ocean in the extreme southwestern cor- 
ner of the United States. The coast 
line extending from the Mexican bor- 
der northward for 70 mi. is a continu- 
ous series of sandy beaches and high 
bluffs broken by rivers, bays, and 
lagoons. Because of ideal living and 
working conditions, development of the 
coastal area has been rapid, until more 
than 500,000 people reside there today. 
The area will undoubtedly continue to 
grow and a population of over 3,000,000 
by the end of the century is predicted. 

Realizing the need for a compre- 
hensive study of the sewerage problems 
and for the development of a long- 
range plan for the sewerage of San 
Diego County, the Board of Super- 
visors on August 21, 1951, appointed a 
Board of Consulting Engineers, con- 
sisting of A M Rawn, C. G. Hyde, and 
D. H. Caldwell, to conduct the 
Diego County Sewerage Survey. 


San 


Factors Affecting Ocean Disposal 


The volume of sewage which can be 
sucessfully disposed of at a particular 
point in ocean water is directly related 
to the ocean's ability to dilute the sew- 
age, to destroy pathogenic organisms, 
and to oxidize organic matter. The 
known factors are: 


1. Temperature structure, obtaining 
particularly from early spring to late 
autumn, which indicates a temperature 


* Presented at 25th Annual Meeting, Cali- 
fornia Sewage and Industrial Wastes Assn.; 
Santa Barbara, Calif.; April 22-25, 1953. 


difference from the ocean floor to its 
surface of 8° to 10° F. 

2. Favorable currents attaining ve- 

locities such as to prevent the deposi- 
tion of suspended solids contained in 
the sewage or sewage effluent. 
3. A depth at the point of outfall 
sufficient, with appropriate design of 
the outlet structure, to result in great 
dilution of the sewage effluent before 
the mixed effluent and sea water 
reaches the ocean surface. 

4. Solid anchorage or the ability to 
secure solid anchorage of the outfall 
pipe through the breaker zone and into 
water of 40- to 50-ft. depth. 

5. Isolation from beach areas to in- 
sure protection from contamination or 
nuisance. 


When sewage or sewage effluent is 
discharged below the ocean surface, it 
tends to rise immediately because of its 
lesser specific gravity. The initial 
energy imparted to the sewage is usu- 
ally not dissipated, even with the ad- 
mixture of large quantities of sea 
water, until the mixed liquid reaches 
the surface. At that point one of two 
general phenomena will occur. Either 
the sewage-sea water mixture will im- 
mediately submerge and disappear, or 
it will float and spread over the surface. 
The first phenomenon results from the 
discharge of sewage into sea water 
which is considerably colder than the 
surface water. In rising, the sewage 
or sewage effluent mixes with this 
colder water until, by the time the mix- 
ture reaches the surface, its tempera- 
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ture is lower than that of the surround- 
ing ocean water and its density is 
greater. An unstable condition ex- 
ists, therefore, and the denser sewage- 
sea water mixture will submerge. The 
second phenomenon, where the sewage- 
sea water mixture spreads laterally 
over the surface of the ocean, occurs 
when the sewage effluent has been dis- 
charged into water only slightly colder 
than the surface water. By the time 
the sewage effluent reaches the surface, 
although it has become mixed with sea 
water in rising, its temperature has not 
been lowered below that of the sur- 
rounding ocean water and its density 
will be equal to or lower than that of 
the surface water. The mixture, there- 
fore, will float and will move with the 
surface currents, at the same time con- 
tinuing to diffuse and to mix with 
greater quantities of sea water. After 
an interval of less than 1 hr. to more 
than 3 hr., depending on the initial 
dilution achieved, all traces of sewage 
will have disappeared. 


Field Studies 


To determine the suitability of the 
ocean off San Diego County’s coastline 
for sewage disposal, field studies in- 
volving the collection of current and 
temperature data were conducted at 
three selected locations (Figure 1). 
These data are believed to reflect con- 
ditions existing along the entire coast- 
line of San Diego County. Beeause of 
a similar coastline between Oceanside 
and Del Mar, the data collected in the 
Oceanside-Carlsbad area are believed 
to be applicable to that entire stretch 
of coast. The data collected in the 
Point Loma area are believed to be 
applicable to that portion of the coast- 
line only, since the configuration of the 
ocean shore from Point La Jolla to the 
entrance into San Diego Bay is such 
that ocean conditions existing there are 
peculiar to that area. Data collected 
in the Imperial Beach area are believed 
to be applicable to the coastline from 
Silver Strand to the Mexican border. 
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OCEANSIDE 
ENCINITAS 
ra) 
SAN 
POINT LOMA 
IMPERIAL 
BEACH 


FIGURE 1.—Location of areas of ocean 
study, San Diego County. 


Temperature Structure 


The initial dilution that occurs when 
sewage effluent reaches the surface de- 
pends to a large extent on the tempera- 
ture structure of the water through 
which the sewage effluent passes in ris- 
ing. Determinations of the tempera- 
ture structure of the ocean adjacent to 
San Diego County were made by the 
use of bathythermographs loaned to the 
survey by the Scripps Institution of 
Oceanography and by the Oceano- 
graphie Branch of the U. S. Naval 
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FIGURE 2.—Bathythermograph. 


Electronics Laboratory. The bathy- taken on lines approximately normal to 
thermograph (Figure 2) is an instru- the ocean shore. <A typical series con- 
ment for obtaining a permanent sisted of nine traverses taken at inter- 
graphical record of water temperature vals of 1,500 ft. from about 2,000 ft. to 
versus depth. The instrument is low- 15,000 ft. from shore. The tempera- 
ered to the ocean floor and raised to the ture-depth records thus obtained were 
surface by a wire cable operated by a_ used to prepare a temperature profile 
winch mounted on a boat. The tem- (Figure 3) showing the vertical dis- 
perature record is made by a stylus tribution at the time each series was 
giving a continuous trace on a smoked taken. Bathythermogram series were 
glass slide. Bathythermograms were run morning and afternoon on each 
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FIGURE 3.—Typical ocean temperature profile off San Diego County. 
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day during which ocean studies were 
made. A total of 22 such series was 
run in the Point Loma area, 5 in the 
Oceanside-Carlsbad area, and 4 in the 
Imperial Beach area. 

Higher temperatures prevailed at 
and near the ocean surface during 
afternoons as compared to mornings of 
the same day, due to the warming effect 
of the sun. The change or displace- 
ment of the isothermal lines may be 
partially attributed to the mass move- 
ment of water due to ocean currents. 
On a rising tide, the mass of water 
which has moved toward shore is 
warmed because of the shallow depth 
and the existence of more turbulent 
conditions along shore. As the tide 
falls, a portion of this water returns 
seaward as a surface layer because of 
its higher temperature and lesser den- 
sity. This increases the volume of 
warm water near the surface and re- 
sults in a downward displacement of 
the isothermal lines. 

In all the areas studied, a great 
variation in temperature structure was 
noted throughout the year (Figure 4). 
During the summer months air tem- 
peratures are higher and the period of 
daylight during which the water can 
be warmed by the sun is greater than 
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during the winter months. This re- 
sults in higher water temperatures near 
the surface of the ocean and increases 
stratification. The maximum differ- 
ence in temperature between the ocean 
floor and the surface was 18.5° F. and 
occurred on July 28, 1952. Tempera- 
ture differences greater than 8° F. 
were observed from about the middle 
of April to the first of November. As 
the air temperature and the hours of 
daylight decrease during the winter 
months, stratification also decreases, 
and vertical mixing due to convection 
increases. It is possible for the ocean 
temperatures to be almost uniform 
from surface to botton. Such a con- 
dition occurred on January 14, 1952, 
when a temperature difference of only 
0.8° F. was observed. 

The temperature structures of the 
ocean at all three areas were found to 
be similar. In this respect, conditions 
for ocean disposal of sewage would be 
the same in each area. In the Im- 
perial Beach area, however, initial sur- 
face dilutions could not be expected to 
be as high as in the Point Loma or 
Oveanside-Carlsbad areas, because the 
depth at any reasonable distance from 
shore is much less than in either of the 
other areas. 
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FIGURE 4.—Monthly variation in ocean temperature structure off San 
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Ocean Currents 


If or when the dispersed and diluted 
sewage effluent reaches the ocean sur- 
face and stratifies, its movement is con- 
trolled by the surrounding surface cur- 
rents. The survey’s study of ocean 
currents was made primarily to deter- 
mine the velocities and direction of the 
currents in the transition zone. Cur- 
rents in this zone result from a com- 
bination of various forces usually 
classed as tidal and nontidal. Tidal 
currents are produced by the periodic 
rise and fall of the ocean surface. 
Nontidal currents may be caused by 
wind, deep ocean currents, topography 


of the ocean floor, and variation in sea 
water density. 

Ocean currents off shore from San 
Diego County were studied by means 
of free floats. Two types of floats were 
used, 6-ft. surface floats and 20-ft. 
depth floats (Figure 5). Each surface 
float was weighted with lead at its 
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TWENTY FOOT FLOAT 


FIGURE 5.—Details of surface and depth floats used in current studies. 


lower end so that it would float in an 
upright position with its top just above 
the water surface. The only part ex- 
tending above the surface was a rod 
and a sheet metal flag. The flag was 
free to swing with the wind, hence of- 
fering minimum wind resistance. The 
area of the vanes under the surface was 
so much greater than that of the rod 
and flag that the net movement of the 
float properly represented the travel 
direction and distance of the 6-ft. layer 
of water in which it floated. The 20-ft. 
floats were weighted with sufficient lead 
to almost submerge the small surface 
eans. Again, only the rod and pivoted 
flag were above the water surface. 
Float studies at night were accom- 
plished by adding lights to the same 
surface floats. A small automotive- 
type side-clearance lamp with a flash- 
light bulb powered by a 6-v. dry cell 
battery was mounted on top of the rod. 
With this arrangement, the lights on 
top of the floats were visible almost 


4vroworve anwar au 
| 
TWIN SHEET METAL FLA | THIN SHEET METAL FLAG 
PIPE 2° HIGH PIVOTED TO SWING WITH PIVOTED TO SWING WITH WIND 
PPE FLANGE ro r oad 
waren SEALE CAN 
9 we POST 6 LONG ~ 
‘ 3/6 ESS TEEL 
ROPE 20° LONG 
AL | 
| 4 
| | 
| | 
2° SHEET METAL VANE 
BATS wn NUTS 
| 
| 2-252 OF 1/2" MARINE PLY WOOL 
4 
| AL | 
ae. 
OW BOTTOM OF 4° TO BOTTOM OF 
SURFACE FLOAT 
| 


Vol. 25, No. 11 


as far as were the flags in daylight. 
The 20-ft. floats were not used in the 
night current studies. 

In conducting the float studies, a 
series of surface floats, usually five, were 
released about 1,500 to 2,000 ft. apart 
on a line approximately normal to the 
shore. Once each hour the position of 
each float was determined from the 
boat by moving the boat to the float 
position and shooting double sextant 
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angles between three control points on 
shore. The sextant angles were set on 
a three-armed protractor and the in- 
tersection of the three lines connecting 
the control points was the point from 
which the angles were shot. By this 
method, a continuous record of float 
movements was maintained on the boat 
(Figure 6). 

A total of 23 current studies was 
made during the course of the survey. 
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FIGURE 6.—Typical ocean currents off San Diego County. 
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Of these, 15, ineluding two 24-hr. 
studies, were made seaward of Point 
Loma, 3 in the Imperial Beach area, 
and 5 in the Oceanside-Carlsbad area. 

The float studies demonstrated that 
the ocean currents in the transition 
zone are of a complex nature and are 
usually the result of several current 
producing acting simultane- 
ously. Discussions with oceanograph- 
ers from the Scripps Institution of 
Oceanography and from the Oceano- 
graphic Branch of the Naval Elec- 
tronics Laboratory led to the coneclu- 
sion that the available data were insuf- 
ficient to determine the effect of indi- 
vidual factors such as wind, tide, and 
deep ocean drift. To accomplish this, 
it would be necessary to have available 
almost continuous current observations 
over a prolonged period of time. Since 
the primary purpose of the survey’s 
current studies was to ascertain the 
nature of the currents resulting from a 
combination of all factors, and partic- 
ularly to discover whether sewage efflu- 
ent could be discharged at 


forces 


some de- 
termined distance off shore with no re- 
sulting contamination of the beaches, 
it was decided to reduce the current 
data to terms of maximum shoreward 
velocities in the area studied. Maxi- 
mum velocities toward shore determine 
the minimum time interval required 
for a given particle of sewage effluent 
to travel in the surface layer from the 
outfall point to shore. Such an analy- 
sis is believed to be conservative, since 


the current studies showed that the 


maximum shoreward component of the 


velocity did not occur simultaneously 
at all distances from shore. 

Results of these calculations showed 
that the minimum time of travel to 
shore from a point 7,500 ft. off shore in 
the Point Loma area would be 5.2 hr., 
that the time would be 2.4 hr. from a 
point 5,000 ft. off shore in the Imperial 
Seach area, and would be 6.6 hr. from 
a point 9,000 ft. off shore in the Ocean- 
side-Carlsbad area. 
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Capacity of Ocean to Receive Sewage 

Previous studies (1) have indicated 
that sewage is not detectable when it 
has been diluted 225 times with sea 
water. Using this value as a guide, a 
study was made of each of the loca- 
tions along the San Diego County 
coastline at which it seemed possible 
that ocean outfalls micht 
ered. The treatment re- 
quired at each point was then de- 
termined on the basis of the tempera- 
ture and current data, of the ocean 
depth at any given point, and of the 
predicted peak sewage flows. These 
calculations, plus other controlling fac- 
tors, such as isolation from beaches and 
foundation conditions, showed that the 
most favorable site available in San 
Diego County for an ocean outfall is 
the area seaward of Point Loma. If 
sewage effluent is discharged in this 
area approximately 7,500 ft. off shore 
at a depth of 125 ft., no contamination 
of the shore or shore waters will result, 
even under the most unfavorable con- 
ditions of dilution and currents.  <Al- 
though caleulations showed similar con- 
ditions along the entire coastline from 
Del Mar to Oceanside, the proximity of 
beaches in that area indicates that a 
higher degree of sewage treatment, in- 
cluding disinfection during critical 
periods, will be required. The area off 
Imperial Beach was shown to be un- 
suitable for the disposal of sewage; if 


be consid- 
deeree of 


sewage is to be discharged there, a form 
of secondary treatment, plus disinfec- 
tion, will be required. 


Conclusions 


Studies of ocean disposal of sewage 
reported herein demonstrated the suit- 
ability of disposing of the sewage of 
San Diego County into the Pacific 
Ocean. Studies of other phases of the 
sewerage requirements of the county 
indicated the 
posal. 


economy of such dis- 
Based on these findings, the 
Board of Engineers recommended the 
construction of a primary sewage treat- 


ment plant on Point Loma with dis- 
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charge of effluent to the Pacific Ocean 
7,500 ft. off shore in 125 ft. of water. 
Initially the plant would serve more 
than 1,000,000 persons, and ultimately 
more than 2,500,000 persons. 
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Establishment of a new Business and 
Defense Administration, a primary 
organization unit in the U. 8. Depart- 
ment of Commerce, was announced 
October 1, 1953. The new agency con- 
tinues the residual defense and mobili- 
zation functions of the former National 
Production Authority and establishes 
25 industry divisions staffed by busi- 
ness experts from government and 
private industry. 

Besides its obvious functions in the 
area of defense production and plan- 
ning, the agency is designed to serve 
business and in many ways stimulate 
economic growth and stability. In 
carrying out its emergency responsi- 
bilities the new agency is expected to 
preserve the nucleus of an organization 
which can be expanded rapidly in the 
emergency mobilization and the later 
return to full operation of the free 
enterprise system. 

Also established under the Adminis- 
tration are 25 industry divisions, in- 
cluding one designated Water and 
Sewage Industries and Utilities. The 
latter is currently under the director- 
ship of T. T. Quigley, advertising and 
sales promotion manager of Wallace 
and Tiernan Co., Inec., who is on loan 
from his company under the Depart- 
ment of Commerce executive rotation 
system and had previously served the 
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NPA as a consultant to the Water Re- 
sources Division in 1951-52. 

The functions of the industry di- 
visions include the following defense 
and mobilization preparedness activi- 
ties: 


1. Administer the Defense Materials 
System and take related actions in 
support of military and atomic energy 
programs. 

2. Review and make recommenda- 
tions to the Office of Defense Mobiliza- 
tion on expansion goals, tax amortiza- 
tion, and domestic loan applications. 

3. Make recommendations on _ the 
stockpiling or the disposal of stockpile 
strategic materials and equipment in 
relation to industrial requirements to 
avoid any adverse effects on the na- 
tional economy. 

4. Participate in the development of 
the Mobilization Base Program for the 
provision of adequate industrial facili- 
ties in the event of national emergency. 

5. Provide mobilization authorities 
with basic data for use in the identi- 
fication and rating of facilities to 
be protected against the possibilities of 
enemy damage. 

6. Provide assistance to the Office of 
Defense Mobilization in regard to par- 
ticipation with industry in post-attack 
planning. 
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THE OPERATOR’S CORNER 


ConpDUCTED BY HERBERT P. ORLAND 


A REAL OPERATOR THRIVES ON PROBLEMS 


Elsewhere in Tuts CoRNER there ap- 
pears a paper meriting the careful at- 
tention of operators and superintend- 
ents in treatment plants of all types 
and ranging in size from the largest to 
the smallest. Reference is made to the 
article by William J. Ball, in which he 
presents an excellent example of a case 
where an industry has incapacitated 
a municipal sewage treatment plant 
through ignorance or through insist- 
ence on using the municipal facility de- 
spite the obvious detrimental effects 
of such use. 

In solving the problem described, 
pretreatment of the tannery wastes 
seems worthy of first consideration. 
Apparently, however, there is more in- 
volved than appears at first glance, 
for the community seemingly is reluc- 
tant to push the industry too far in 
the matter of preparing its wastes for 
treatment in the municipal plant. 
Whether the reason behind this re- 
luctance is economie, political, or other- 
wise does not matter: the reluctance is 
an ever-present fact. 

But this is only the bare story, told 
in a simple and straightforward state- 
ment of facts. The impressive feature 
is not the magnitude or the complexity 
of the problems involved, but the cheer- 
ful attitude with which the solutions 
are being objectively sought. 


Superintendent Ball is to be compli- 
mented for this approach to what is 
virtually an impossible situation. He 
has not just given up: he is actively 
engaged in laboratory and pilot plant 
investigation to improve the operation 
of what he has, as well as to prepare 
for new plant improvements or replace- 
ment. In addition he is continuing 
with his long-range program of in- 
dustry education to secure the coopera- 
tion necessary to eventual success for 
both his own and the industry’s pro- 
grams. 

The philosophy expressed in the last 
paragraph of Mr. Ball’s paper is par- 
ticularly pleasing to those who know 
and appreciate the hardships under 
which municipal sewage treatment 
plant operation is sometimes carried 
on. It is, in fact, a philosophy that 
would bring much satisfaction to many 
operators and superintendents if they 
would adopt it instead of continuing 
to gripe and make alibis for the real 
or fancied deficiencies of their plants. 

Our hats are off to Mr. Ball! By 
making the best possible use of a plant 
in an almost impossible situation—and 
without any alibis—he has found some 
feeling of satisfaction in a job well 
done. More than that, he has earned 
for himself the enviable accolade of 
‘‘Operators’ Operator.”’ 
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In common with every other sewage 
treatment plant, that at Ballston Spa, 
N. Y., has its problems in handling and 
treating the incoming sewage so that a 
satisfactory effluent may be discharged 
to the receiving stream. To understand 
these problems, however, it is neces- 
sary to review briefly the history of the 
plant, which has considerable bearing 
on current operation difficulties. 

The original treatment plant was 
started in 1905 and 1906 on a court 
order to the village of Ballston Spa to 
treat its sanitary and industrial sew- 
age prior to dumping it into the re- 
ceiving stream. The plant as then de- 
signed included a pumping station to 
move the sewage to the plant site, a 
series of septic tanks, a two-stage con- 
tact bed for effluent treatment, and un- 
derdrained lagoon areas for the sludge. 
The plant was financed by a $90,000 
bond issue sold in 1905 with an ap- 
proximate interest rate of 4 per cent. 
The first payment against the principal 
did not start until 1930, 25 years after 
the bond issue was sold. The bonds, 
finally paid up in 1940, cost the village 
more than twice what the original 
bond issue was worth. 

This kind of financing was probably 
necessary at that time because in 1899 
and 1900 the village had contracted 
considerable indebtedness by com- 
pletely rebuilding its water supply 
and distribution facilities. 

It is not hard to see, however, that 
indebtedness contracted in the manner 
mentioned would cause hardships in 
making capital improvements to the 
plant in later years, which is what hap- 
pened. Capital improvements were 
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needed before the original bond issue 
was retired. This meant further in- 
debtedness for the sewer department. 
In 1930 and 1937, for example, when 
additions and improvements were made 
to the sewage treatment plant and its 
equipment, additional money had to be 
borrowed to finance the operations. 
Sections or stages of the old treatment 
plant were either abandoned or re- 
placed long before they were even paid 
for. 

By 1937 additional pumping capacity 
was installed, the septic tanks were 
converted to settling tanks, and one of 
the tanks had a straight-line sludge col- 
lector placed in it. A slow-rate trick- 
ling filter was built to replace the 
old-style contact beds, and the lagoon- 
type sludge beds were re-built and en- 
larged. 

In 1947 when the trickling filter had 
started to become inoperative, plans 
were made to increase the capacity of 
the filter bed. But the project was 
stopped before the addition was com- 
pleted and at present the bed is being 
utilized, as best possible, as a settling 
tank. 

The treatment plant serves the ap- 
proximately 5,000 population of the 
village of Ballston Spa and its indus- 
tries. The contributed flow is approxi- 
mately 1.5 m.g.d., but the sludge load 
is equal to that from a population of 
40,000 or more. 


Sewage Flow and Character 


The sewage received at the plant is 
made up of: 


1. Domestic sewage, 
2. Industrial wastes. 
3. Storm and cellar drainings. 


The domestic sewage from roughly 
1,000 buildings of the village does not 


| 
| 
: 
- 
Cia 
: 
ree 
: 
3% 
; 


1346 


present too great a problem, despite 
the innovation of the household garb- 
age grinder. 

The industrial sewage consists of the 
wastes from a tannery, knitting mills, 
laundries, and milk and creamery 
plants. 

The American Hide and Leather 
Company, one of the main contributors 
to the plant, is one of the largest in- 
dependent cowhide tanneries in the 
country, with a production capacity of 
5,000 sides a day. This means that at 
peak production 2.500 cowhides can be 
put into the production system each 
day, although current operation is at 
the rate of about 1.250,000 sq. ft. of 
leather per month. At this produc- 
tion rate, the tannery contributes about 
700,000 g.p.d., of which 100,000 g.p.d. 
comes from the municipal water sup- 
ply and about 600,000 ¢.p.d. from the 
company’s private water supply. 

The contributed sewage contains 
salt, manure, ete., washed from the 
raw hide; 3 tons of lime per day 
used in de-hairing the hides; some 
200 lb. of sulfides; and other chemicals, 
such as chrome salts, sulfurie acid, 
basic dyes, and finishing pigments. All 
of this contributed sewage is passed 
through a rotary drum screen designed 
to remove the hide trimmings and hair 
particles, which are not caught at the 
machines during production. Because 
the screen cannot remove all of the 
solid particles reaching it, a consider- 
able amount of the hair goes on into the 
sewer system and eventually to the 
treatment plant, along with the other 
chemicals, which are in suspension or 
solution. 

The knitting mill wastes consist 
mostly of soapy wash water, dye solu- 
tions, and lint from the wool being 
washed. The soaps aid in maintaining 
the high alkalinity of the sewage. 

The laundries contribute large quan- 
tities of highly alkaline soapy wastes, 
plus unusual amounts of rinse and 
wash waters. The milk and creamery 

plants contribute small amounts of 
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wastes which do not seem to affect the 
sewage because of the high dilution 
achieved by the time the sewage 
reaches the plant. 

The sewage flow is also increased by 
large numbers of open cellar and 
foundation drains and catch basins that 
drain off surface waters to the sanitary 
sewer systems. Because much of the 
community is without storm-wa. * sew- 
ers, there is no place to drain these sur- 
face waters but into the sanitary sewer 
system. In many sections of the vil- 
lage there still exist many storm-water 
catch basins with their overflows con- 
nected to the sanitary sewer system. 
During a rain, storm flows to the plant 
may exceed 3 m.g.d.; following wet 
periods, cellar drainage is estimated to 
contribute 0.5 m.g.d. over the operating 
average flow to the plant. 


Interceptor Cleaning 


The 30-in. vitrified tile interceptor 
that picks up all the sewage from the 
village and carries it to the pumping 
station presents a large maintenance 
problem to the Department each year. 
The main, approximately 5,500 ft. long, 
has to be cleaned at least twice a year 
in order to handle the flow. About 
1,500 ft. is laid under village streets. 
the remaining 4,000 ft. being laid 
through gardens, backyards, and 
swampy low lands, under buildings 
and two stream crossings. The mains 
are cleaned with two hand-operated 
winches pulling an expanding sewer 
cleaner through the main at least four 
times, with the cleaning head being 
opened to various sizes until the full 
diameter is nearly reached. No effort 
is made to remove the solids from the 
line during the cleaning operation, but 
the cleaning is done during peak flows 
of the day and the resulting flow agi- 
tates and carries the material to the 
grit chamber and the wet wells, where 
it is removed. 

Much of the solid material removed 
from the line consists of solidified lime 
deposits and hair particles, which tend 
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to cling together to form long, stringy, 
root-like masses that build up on the 
inside walls of the pipe or settle to 
the bottom of the line, unable to move 
with the sewage until broken up or 
with unusually high flows. The rest 
of the material in the line consists of 
sand and stone dust from the streets 
of the village and grit from running 
cellar drains. The sewer cleaning op- 
eration is done in cooperation with 
The American Hide and Leather Com- 
pany, which pays the labor costs. Al- 
though the 30-in. interceptor only re- 
quires cleaning twice a year, the mains 
at the tannery are cleaned 4 to 6 times 
a year by the same cleaning method. 

Since much of the interceptor lies 
along a sizable stream, which is se- 
riously affected by storm flows, there 
has been considerable trouble due to 
washouts of the pipe line at stream 
crossings or where the line parallels 
the stream. One such problem was 
corrected by straightening the stream 
flow, dredging the stream bed with a 
bulldozer, filling over the washed out 
section of the main, and protecting the 
bank of the stream from further wash- 
outs by riprapping the banks with large 
quarry stone. Another section, still 
uncovered, is to be repaired by similar 
means as soon as the wet season is over 
so that trucks and heavy equipment 
can be moved into the area. 


Grit Removal and Comminution 


Solid material is removed from the 
grit chamber by hand and averages 
about 4 cu. ft. per day during normal 
operating conditions. When the inter- 
ceptor is being cleaned, grit removal 
averages 20 cu. ft. per day. Grit re- 
moval equipment consists of a trash 
rake with some coarse wire screening 
fastened to it and an oversize hoe. The 
grit is hauled by wheelbarrow to a low 
area adjacent to the pumping station 
where it is used for fill. When the 
depth of the grit in the chamber gets 
to the point where effective settling 
time for grit is lost, the flow is di- 
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verted and the chamber is cleaned by 
hand. Grit removed at this time 
amounts to about 40 cu. ft. of sand, 
lime deposits, and masses of hair and 
rag materials. 

From the grit chamber the sewage 
flows to a 25-in. comminutor, which 
has been practically trouble-free except 
for ocasional excessive flows caused by 
hard rain storms. This causes large 
amounts of rags to entangle the com- 
minutor drum and stop it. The situa- 
tion is quickly remedied by diverting 
the flow through the bar screens, de- 
watering the comminutor chamber, and 
removing the material causing the stop- 
page. 


Pumping 


The sewage then goes into wet wells 
and a 125,000-gal. retention tank, 
which holds it for long enough periods 
to make it economical to pump to the 
treatment plant. Considerable sludge 
settles out during this holding period 
and becomes septic, causing odors and 
quite a nuisance problem at the pump- 
ing station. It is fortunate that the 
station is not located in a populated 
area. The wet wells were constructed 
with square corners and a flat bottom, 
so that the sludge does not get a 
chance to flow toward the suction pipes 
of the sewage pumps and be carried 
to the plant. Attempts are made to 
agitate the stagnant areas of the wells, 
but because of the disagreeable fea- 
tures, such as hand agitation and the 
odors of the pits, the men avoid the 
job as much as possible. Periodically 
the wells are drawn down enough so 
that two or three men can get right 
into the tanks and flush the sludge to 
the pump suctions for removal to the 
treatment plant. 

Since only small sections of the plant 
or pumping station are fenced, there 
is the problem of property damage 
from children throwing stones at the 
building or into the wet wells. It is 
frequently necessary to remove several 
wheelbarrow loads of stone and bricks, 
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which apparently are thrown into the 
open wet wells just to see the splash. 
No damage to equipment has resulted 
from this source as yet, but the source 
of trouble does exist and money is not 
available for adequate fencing. 

The pumping station contains two 
1,000-g.p.m. and one 2,250-g.p.m. verti- 
cal sewage pumps. All have given ex- 
cellent service, the only problem being 
shaft sleeve wear, apparently due to 
the large amount of gritty sewage 
pumped. Various packings have been 
tried, but conversion of one of the 
pumps to a clear-water seal to check 
on difference of wear is under consid- 
eration. The job of repairing the 
pumps is not necessarily expensive, but 
it does take time from other jobs. 

The two force mains from the pump- 
ing station are of cast-iron bell-and- 
spigot pipe, one 12 in. and one 16 in. 
in diameter. Each line is about 3,000 
ft. long. In 1949, when a railroad re- 
location project crossed the force main, 
a section of the two mains was relo- 
cated. At that time it was found that 
the two mains were coated on the inside 
with a 34 in. thick layer of spent lime 
or calcium deposits. Since the coating 
had built up inside one of the lines 
within a period of 10 years, a check is 
kept on the flow to determine if this 
will be the maximum buildup or if a 
major cleaning project may be re- 
quired within a few years if the 
condition continues to grow. At pres- 
ent the only method of restricting 
the growth is to occasionally allow the 
pumps to put full flow into one of 
the lines at a time in an attempt to 
either scour out the line or to move 
any loose material that might be at- 
tached to the pipe or that might have 
settled in the line. 


Primary Settling 


The present primary settling tanks 
are the septic tanks built in 1905. Two 
of the tanks are just open tanks with 
no sludge collecting equipment; one 
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tank is equipped with a straight-line 
sludge collector. The sludge flows 
through the three tanks in series, 
starting with those without the col- 
lectors. Each tank is about 110 ft. 
long, 35 ft. wide, and has an effective 
settling depth of about 12 ft. Since 
it has been calculated that the settle- 
able solids average about 35 cu. yd. 
per day, it only requires about 100 
days to fill the two tanks to a point 
where the detention time is cut down 
considerably. An attempt is made to 
maintain long detention periods, as a 
floc seems to be always forming in the 
effluent and longer detention allows 
more of the suspended or dissolved 
solids to settle. 

The first two tanks are generally in 
a septic condition, with the sludge 
gassing and boiling up to the surface of 
the tank. The light floc-like sludge 
brought up into the effluent of the 
first two tanks is carried over into 
the third tank, where it settles out and 
is removed twice daily to lagoon-type 
drying beds. Theoretically it should 
be possible to carry on this cycle for 
a long period, but the large volume 
of sewage received that is not readily 
digested (such as hair particles, lime 


grit, ete.) soon destroys the effective 
settling depth in the tanks and the 


light floe-like material starts to carry 
through the third primary settling 
tank and overflow in the primary efflu- 
ent. 

When the first two settling tanks 
fill up with sludge and there is little 
settling space left, provision is made 
to drain the sludge off into the lagoon- 
type drying beds. There is no pro- 
vision for bypassing the settling tanks 
or any one particular part of the plant, 
so that raw sewage has to be diverted 
to the receiving stream without any 
treatment during the tank cleaning pe- 
riods. Because the stream is well 
stocked with fish and because it feeds 
a large resort lake, every effort must 
be made to complete the job as quickly 
as possible, sometimes to the extent of 
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neglecting some minor repairs that 
should be taken care of if the tank 
could be left out of use for two or 
three days. 


Sludge Handling 


The 3,400 cu. yd. of sludge removed 
from the first two tanks averages about 
85 per cent moisture. At times it is 
difficult to move this heavy sludge 
through the pipe system to the lagoons. 
Therefore, a 21% in. fire hose is kept 
ready at all times during the draining 
operation to break up any large ag- 
gregations of solids that might plug 
the outlet gate or the drain pipes to 
the lagoons. An attempt is made to 
drain the tanks without adding any 
more water to the sludge than is neces- 
sary, because of the drying character- 
istics of the sludge and the construc- 
tion of the lagoons. 

The lagoons are nothing more than 
open sludge drying beds with level bot- 
toms and about 3 ft. deep. Each of 
the 5 beds is between 1% acre and 1 
acre in area. When originally built in 
1905, provision was made to under- 
drain the beds, but the underdrains 
have since been removed; it is doubt- 
ful that they will again be installed, 
because such heavy equipment as cater- 
pillar-type tractor loaders and dump 
trucks equipped with tire chains work 
best for sludge removal, but are hard 
on drain tile with shallow cover. 

It has been found that if sludge, 
regardless of the thickness, is left for 
a period of 3 or 4 years, it will dry out 
and take on an earth-like appearance 
and be quite easily handled when re- 
moved from the lagoon type of bed. 
Because the bed space is _ needed, 
enough of the lagoons are cleaned each 
year, weather permitting, to take care 
of the always mounting quantity of 
sludge in the primary tanks, whether 
the sludge is in suitable handling con- 
dition or not. 

The primary tanks should be cleaned 
of sludge every two to three months, 
but because of the lack of suitable la- 
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goon area it is often necessary to hold 
the sludge for periods of six months, 
and the difficulty in handling the 
sludge multiplies with the time it is 
retained. 


Primary Effluent 


The primary tank effluent has a pH 
of about 10 to 11. This pH value holds 
until it goes into the receiving stream, 
indicating that much of the lime com- 
ing into the plant passes through the 
plant in solution, with little of it being 
removed after it leaves the primary 
tanks. The raw sludge in the primary 
tank has a pH of between 8 and 9, with 
the digested sludge having a pH of 
7.6 to 7.8. 

Because of the calcium deposition 
that is always present, plant person- 
nel are extraordinarily conscious of 
every pipe that might stop up due to 
this coating on the pipe walls. A 
couple of years ago, the effluent line 
from the primary tank to the trickling 
filter dosing tank became restricted 
and the flow had apparently reached 
this condition within a week. An at- 
tempt was first made to add chlorine 
gas to the effluent, then the flow was 
shut down and the line treated with 
muriatic acid. Neither treatment, how- 
ever, gave the hoped-for results of 
clearing the line. The line was then 
rodded and it was found that there was 
a solid stoppage in the pipe which the 
rods would not move. Cutting a see- 
tion out of the pipe near the stoppage 
revealed that two wooden pipe plugs 
slightly smaller in diameter than the 
pipe itself had become lodged in the 
line and were restricting the flow. The 
plugs were covered with a lime de- 
posit about 1% in. thick, indicating 
that they had been in the pipe for 
some time before they had finally 
turned to a position that cut off the 
flow. 


Trickling Filter 
The trickling filter is a_ trickling 
filter in name only. The rectangular 
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bed is fitted with a traveling distribu- 
tor; crushed field stone is used as the 
filter media. For the past six years, 
the filter has been inoperative as a 
trickling filter, but an attempt has 
been made to utilize the length of the 
bed and its rough surface as an aerator. 

Experimental data from studies of 
a pilot trickling filter set up at the 
plant showed that little reduction in 
B.O.D. was obtained, and that there 
was little or no bacteria growth on the 
during the periods when the 
pH of the primary effluent was as high 
as 10 or 11. From the experiments it 
was determined that to get a build-up 
of growth on the stone it was neces- 
sary to eliminate the of the 
high pH. Following the experiment 
it was noted that a build-up of caleium 
deposits had formed on the stone dur- 
ing the short time the experimental 
filter was in operation. 

It is believed that a combination of 
sludge deposits from the primary set- 
tling tanks and the calcification of the 
stone surface has put the filter in its 
present inoperative condition. 
ples of stone from sections of the filter 
show the media to be one solid mass 
due to the calcium formations, which 
much thick on the 
stone surtace. 

In 1947, when the filter first started 
to show signs of becoming inoperative, 
an extension was planned to double 
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the surface area of the filter. <Al- 
though construction was beeun, the 
project was not completed. As a re- 


sult, there is now a large tank without 
filter media at the end of the present 
filter. This tank volume is being 
utilized for additional settling space, 
for the filter effluent. Part of the flow 
coming into this tank goes to the see- 
ondary clarifier, the remainder going 
directly into the receiving stream. 


Secondary Clarifier 


In 1937, a secondary settling tank 
was added. At present it is unable to 
handle the entire flow, so that some 
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of the filter effluent has to be diverted 
directly to the receiving stream. Over 
a period of years the pipe line feeding 
the clarifier has a lime deposit built 
up inside the clarifier influent pipe. 
This build-up in a 12-in. cast-iron line 
has restricted the flow considerably and 
presents a difficult problem of clean- 
ing. The line has several bends in it 
so that it can get beneath the tank 
and then turn to come up into the 
riser. Attempts to clean the line with 
muriatic acid have met with only par- 
tial Attempts with power 
sewer rods only served to scrape out 
that part of the line with which the 
and the tool came in contact. 
Further efforts are being devoted to 
the cleaning problem in an effort to 
find an economical way to clean that 
line and others in the plant. 


Success, 


rods 


High-Water Trouble 


The secondary clarifier is only 
slightly higher than the receiving 
stream. Following heavy rains or 


spring thaws the tank is covered with 
water, backed up through the outfall 
pipe. This high water gets into the 
electrical conduits under the catwalks 
and those buried beneath the pump- 
house and the clarifier, and drains out 
through the fuse boxes and_ switch 
boxes in the panel board in the pump- 
house. Some trouble has been experi- 
with wire failures due to in- 
sulation breaking down. For safety, 
therefore, the final clarifier is shut 
down completely during periods of 
high water. It is hoped to correct the 
problem by either rewiring and_re- 
placing parts of the old conduit, or 
by placing new conduit overhead and 
above the water level. 


enced 


Receiving Stream 


The final effluent going into the 
receiving stream is generally free of 
any settleable solids, but the color 


varies widely. The receiving stream has 
a good flow for most of the year, but 
during the late summer months, when 
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the flow may be quite low, the stream 
bed and banks build up with long, 
stringy, grey-colored masses of fungus 
matter. This condition only exists for 
about 2,000 to 3,000 ft. below the out- 
fall. Since the receiving stream is 
stocked annually with fish and the 
stream flows into a large resort lake, 
a continuous attempt is made to im- 
prove the quality of the effluent with 
the equipment and facilities available. 


Other Problems 


During the past six years, the De- 
partment has been operating a series 
of experiments to assist the State 
Health Department and the consulting 
engineers to determine what type of 
treatment facilities can be introduced 
at the plant to improve the quality of 
the final effluent and simplify plant 
operation. The previously mentioned 
experimental pilot trickling filter was 
operated for two seasons; an experi- 
mental pilot digester was operated for 
another year. The data obtained were 
used in preparing plans which are now 
awaiting further consideration by the 
Village Board. 

The laboratory has been built up 
over the years, but limited finances 
have kept it from becoming as com- 
plete as is desirable. It is hoped that 
over a period of years needed equip- 
ment will be added to the laboratory 
and that a better working knowledge 
of the sewage and the plant operation 
can be obtained. 

Operating problems have not been 
the only ones. A tremendous publie 
relations problem has grown over the 
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years, as the public has always had the 
feeling that the sewage treatment plant 
offered them nothing but took away 
from them in the way of higher taxes. 
An attempt has been made to mini- 
mize this feeling by continually invit- 
ing the publie to inspect the plant and 
letting people know that they will be 
told the conditions as they actually 
exist. Each year a group of high 
school students is taken on a complete 
inspection trip of the treatment plant 
facilities. It is hoped by these means 
to arouse in local taxpayers an aware- 
ness of the plant’s functions and prob- 
lems. 

The Department has been fortunate 
in being able to hold together most of 
its working force. It has been diffi- 
cult to compete with the wages offered 
in the surrounding areas, however, as 
several large industries are engaged 
in war production and several large 
government construction projects are 
under way. Wages for various classi- 
fications of help have been raised con- 
siderably over the past few years, a 
factor that has helped to hold the ex- 
perienced and trained men. 

Problems are apparently part of the 
‘‘oame’’ of operating a sewage treat- 
ment plant. If it weren’t for those 
problems many individuals would not 
find the work so enjoyable and might 
not be engaged in it. For the author, 
the past few years have proved very 
interesting and educational from the 
standpoint of the work. Also, he has 
found many associations with others 
who like himself are too deep in fasci- 
nating sewage treatment problems to 
find life uninteresting. 
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CHLORINATOR MAINTENANCE AND OPERATION * 


By J. P. KAvaNauGH 


Wallace & Tiernan Co., Inc., Roanoke, Va. 


It is with regret that this paper must 
be prefaced with the statement that 
there is no magie formula for making 
a chlorinator take care of itself. It is 
hoped, however, that by recording and 
adhering to certain fundamental rules 
and principles operators will be able to 
minimize their maintenance and opera- 
tion problems. 


Location of Equipment 


Obviously, the first step in proper 
maintenance of a chlorinator is proper 
installation—and the first step in 
proper installation is location of the 
equipment. If possible, the location 
should be near the point of application 
so as to minimize the length of the 
solution lines. The equipment should 
be as convenient as possible to the op- 
erators and it should be located where 
there is the least hazard to both em- 
ployees and equipment. The point of 
application can be very important and 
can have some interesting angles. In 
a number of cases the point of applica- 
tion has been so placed that the chlo- 
rinator will be chlorinated; that is, the 
point of application is in the pipe line 
ahead of the point where the operating 
water supply for the chlorinator is 
taken off. As a result, the chlorinator 
operating water contains chlorine and 
prevents formation of organic slime, 
which these particular supplies pro- 
duce. 

It is fundamental that ease of han- 
dling chlorine containers should be con- 
sidered in selecting a site. The size of 
the containers to be handled has con- 
siderable bearing on this, but in gen- 
eral this discussion is confined to 100- 
and 150-lb. (net weight) cylinders. 


* Presented at 1953 Annual Meeting, Vir- 
ginia Industrial Wastes and Sewage Works 
Assn.; Richmond, Va.; May 21-22, 1953. 


The handling of ton containers magni- 
fies the problem considerably and _ is 
beyond the scope of this paper. 

It might properly be said at this 
point that chlorine cylinders should 
not be located below the surface be- 
cause of ventilating difficulties, chlo- 
rine being about 214 times heavier than 
air. Rules for handling chlorine are 
covered later herein. 


Equipment Housing 


Proper construction and equipping 
of the chlorinator building can elimi- 
nate a number of maintenance prob- 
lems. There should be ample room 
for the equipment to be _ installed, 
which means that there should be suffi- 
cient clearance between walls and 
other equipment to permit easy access 
for inspection and maintenance work. 

There should be plenty of light for 
this purpose. It is surprising how 
many chlorinators have to be worked 
on with flashlights, and in some cases 
practically standing on one’s head. 

Heating is of prime importance. In 
the winter effort should be made to 
keep the temperature between 65° and 
70° F. Low temperature not only af- 
fects operation of the chlorinating 
equipment, but it discourages proper 
maintenance from a personal comfort 
standpoint. 

The chlorinator room should be prop- 
erly ventilated. In certain cireum- 
stances natural ventilation will be suffi- 
cient. Where large quantities of chlo- 
rine are being stored and used and 
where natural ventilation is a problem 
or a hazard, foreed ventilation should 
be provided. A chlorinator building 
located in the open should always con- 
tain windows for ventilation as well 
as lighting, and in addition there 
should be openings at a low point and 
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a high point in the room for continuous 
ventilation. In remotely located build- 
ings it is generally necessary to cover 
windows with substantial shutters to 
protect them from boys with rocks and 
air rifles. 

The chlorinator room should be as 
dry as possible. Heat and ventilation 
have a large part in this, but proper 
drainage is also a contributing factor. 
Maintenance of water piping cannot 
be overlooked. 

All of these things—ample room, 
proper heating and ventilation, and 
adequate light—are conducive to clean- 
liness, and the author has never seen 
a clean piece of equipment that was in 
poor condition mechanically. A plant’s 
chlorinator installation is valuable and 
should be protected. 


General Conditions for Maintenance 


If a plant is fortunate enough to 
have duplicate chlorinators the main- 
tenance problem is eased considerably 
by reason of not having to wait until 
a little problem gets big, and in not 
having to do a hasty job of repair. 
Whether or not duplicate chlorinators 
are provided it is assumed that the 
good operator will become as familiar 
as possible with the equipment. <A 
study of the equipment should begin 
when it is installed and when there is 
a representative of the manufacturer 
present. This study can continue, if 
necessary, With subsequent visits of the 
manufacturer’s representative. In- 
struction books furnished with equip- 
ment contain a great deal of both gen- 
eral and specific information, but in 
spite of this problems sometimes arise 
that are not in the book. 

With proper knowledge of the equip- 
ment, regular and adequate inspection 
is a ‘‘stitch in time.’’? At these regular 
inspections it should be determined 
that the equipment is performing its 
functional duty—that is, that it is 
feeding the desired amount of chlorine 
and that there is no evidence of 
trouble to come. The latter condition 


may be determined by liquid levels, 
gage readings, or in other ways pe- 
culiar to the particular unit. 

One of the more important duties of 
an inspection is to check for leaks. 
Any leak is highly important and 
should be corrected at once. The most 
effective way to locate leaks is to use 
an ammonia-saturated cloth on a stick 
or wire. It may not be possible to get 
within a foot of a leak was just an 
open bottle of ammonia. Moreover, it 
is surprising how many chlorinator in- 
stallations do not have a bottle of am- 
monia available or where the ammonia 
has lost all of its strength due to being 
left open. Some operators may take 
this regular inspection schedule lightly, 
but there are others who will not. Those 
who will not are the ones who have 
experienced a false sense of security 
because observations over a long pe- 
riod did not disclose any difficulty, 
then have finally had a sad experience 
because of their complacency. Neither 
must one be like the operator who was 
instructed to inspect the chlorinator 
and make an ortho-tolidine test three 
times a day and record the results on 
a chart. The superintendent visited 
the installation the next day to see how 
the operator was carrying out his new 
instructions and found that he was 
doing it to the letter—he had inspected 
and tested at 8:05, 8:10, and 8:15. 


Operating Suggestions 


When it comes to actually working 
on a chlorinator, certain equipment 
should be available and certain rules 
should be followed. In the first place, 
there should be a supply of spare parts 
and a supply of gaskets. The spare 
parts should certainly include glass- 
ware. 

Working on a chlorinator generally 
involves disconnecting gasketed joints. 
The old gaskets, particularly if of 
fiber or lead, should almost invariably 
be discarded. Occasionally a soft rub- 
ber gasket that has been in use only a 
short time may be used again if neces- 
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sary. After the old gasket has been 
removed the gasket joint should be 
cleaned. Normally it is necessary to 
use one gasket at a joint. Frequently 
two or more gaskets are found at one 
joint, which is certainly poor practice, 
and which certainly multiplies the pos- 
sibility of leaks. 

Disconnecting joints, and of course 
leaks, involve the escape of some chlo- 
rine. In one plant provision has been 
made for working around a leak in 
comparative comfort, and preventing 
gas from the leak from spreading over 
the room, by using a suction funnel 
attached by hose to a water ejector 
similar to the injector on a chlorinator. 
The end of the funnel is placed near 
the leak and the gas sucked into it is 
disposed of with the water operating 
the ejector. The new Richmond, Va., 
water filtration plant has a similar ar- 
rangement for disposing of the dust 
from carbon and other chemicals. 

One should be particular about 
cleaning fluids used on the internal 
parts of a chlorinator. the 
best all-around cleaning fluids is car- 
bon tetrachloride. Wood alcohol also 
is acceptable, as neither of these fluids 
react unfavorably with chlorine. 
Neither grain alcohol nor denatured 
alcohol should be used, however, and 
some of the commercial cleaning fluids 
react particularly badly with chlorine 
to form waxes and other objectionable 
solid matter. Carbon tetrachloride is 
marketed commercially as a cleaning 
fluid under several brand names. The 
fluid used in certain types of fire ex- 
tinguishers also is carbon tetrachlo- 
ride. The cheapest way to buy car- 
bon tetrachloride, however, is as such 
in drug stores, where it is sold by the 
pound. 


One of 


In cases of necessity hot wa- 
ter may be used, but it is imperative 
that the tube or part being cleaned be 
thoroughly dried before re-use. 
Moist chlorine is particularly 
structive, which makes it advisable to 
keep both the internal and the external 
parts of a chlorinator dry. This is 
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also true of the metals of any other 
equipment which may be in a room 
where there is likely to be chlorine. 

To protect external parts it has long 
been a practice to apply grease. The 
object of this, of course, is to insulate 
the metal from moisture, particularly 
moisture that has picked up chlorine. 
Daubing of grease all over the chlo- 
rinator seems to be just the lesser of 
two evils, as there seems to be natural 
aversion to doing the necessary work 
on a chlorinator that is covered with 
If grease is to be used it is 
better to rub it on lightly with a rag 
and remove it often with a clean rag 
to eliminate the moisture that has col- 
lected. This procedure maintains the 
good appearance and returns to the 
premise of clean equipment normally 
being in good mechanical condition. 

An excellent protective coating for 
plated parts is clear lacquer. It is 
probably a lot less trouble in the long 
run than greasing and, if anything, is 
more effective for the purpose. Of 
course, for joints that are disconnected 
often, such as on auxiliary tank valves, 
maintaining a continuously lacquered 
coating could be somewhat of a chore. 
Recently there has appeared on the 
market clear plastic lacquer in pres- 
sure spray cans. <An effective job of 
reaching inaccessible places and of do- 
ing a complete laequering job with ease 
can be accomplished by this method. 

Lubricants for hard rubber and 
metal threads should be used with eau- 
tion. No lubricant should be allowed 
to remain where chlorine is normally 
present. This brings up a note of 
caution regarding iron pipe headers 
for chlorine Pipe fitters fre- 
quently use oil in threading the pipes; 
therefore, the inside of the pipes 
should be swabbed before as- 
sembling. 

It should be re-emphasized that a 
supply of strong ammonia should be 
on hand, with the bottle kept stop- 
pered and preferably in a cool place. 
It is not advisable to place it in the 
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tray water of a vacuum chlorinator to 
keep it cool. It is also not advisable 
to let ammonia get too hot. Pressure 
builds up in the bottle and if it doesn’t 
blow out the stopper, it may blow out 
in someone’s face when the stopper is 
removed. This has happened and can 
be serious. Household ammonia is 
strong enough for leak testing, but aro- 
matic spirits of ammonia is of practi- 
cally no value. 


Handling Chlorine 


Certain things should be known 
about chlorine by those who are to 
handle it. The most common sizes of 
containers in use are 100-, 150-, and 
2,000-lb. cylinders. The content of 
these cylinders is liquefied chlorine gas. 
Fortunately the gas liquefies at com- 
paratively low pressures, which simpli- 
fies handling large quantities of the 
gas in condensed form. In hot weather 
the pressure on the inside wall of a 
cylinder may be as high as 125 lb. per 
sq. in. or more. Pressure on a new 
cylinder is sometimes higher than nor- 
mal due to the presence of inert gases, 
which are soon drawn off with the 
first chlorine used. In cold weather 
the pressure in a container may go as 
low as 40 or 50 Ib. per sq. in. The 
temperature-pressure curve contained 
in all chlorinator instruction books is 
useful for interpreting this relation- 
ship between temperatures and _ pres- 
sures. 

The pressure in the container keeps 
the chlorine in liquid form. As re- 
ceived from the chlorine supplier, con- 
tainers are a little more than three- 
fourths full of liquid. This is to allow 
for expansion of the liquid with higher 
temperatures. When the container 
valve is opened the pressure is relieved 
and some of the liquid passes into the 
gaseous form. It is in this form that 


it is controlled and measured in the 
chlorinator. 

The change from a liquid to a gas 
requires heat, which is obtained from 
the surr 


uding air. The absorption 
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of heat has a cooling effect on the cyl- 
inder, thereby reducing the pressure. 
Therefore, if gas is drawn off too rap- 
idly freezing may oceur, which in 
turn will retard the flow of gas. It 
can be seen that proper circulation of 
air around the cylinders is important 
so that the cooled air can be replaced 
by warmer air. 

The rate of withdrawal from a 100- 
or 150-lb. cylinder at normal room 
temperature is about 40 lb. per day, 
although this rate may be doubled 
for short periods. If more than 40 
lb. per day is required, a number of 
cylinders may be hooked up to a com- 
mon manifold. <A note of caution is in 
order here. If cylinders under high 
pressure are connected by a manifold 
with cylinders under low pressure, 
liquid may pass from the high-pressure 
to the low-pressure cylinders. This 
could be serious if the low-pressure cyl- 
inders cannot accommodate the addi- 
tional liquid. 

A fairly common occurrence is the 
reliquefying of chlorine when passing 
from a high-temperature to a low-tem- 
perature area. This may occur when 
a new cylinder has been stored in some 
place warmer than the chlorine room, 
or it may occur when cylinders in use 
are placed near a source of heat, such 
as a radiator or other heating units. 
The control apparatus should always 
be nearer to the source of heat than 
the container. In many cases con- 
tainers are placed in rooms which are 
cooler than the chlorinator room and 
this chlorine piped to the chlorinator. 

All chlorine containers have a fusible 
plug designed to melt at about 160° F. 
to relieve dangerous hydrostatic pres- 
sure resulting from high temperatures. 
These plugs certainly never should be 
tampered with and the temperature of 
the chlorine room should never be 
higher than necessary for good opera- 
tion. Artificial heating of containers 
or piping to increase the gassing rate 
can be extremely dangerous. 

Sometimes, for purposes of conveni- 
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ence, chlorine is handled as a liquid 
from the container to the chlo- 
rinator. It is then necessary to evapo- 
rate the chlorine at the chlorinator end 
of the line. This method of handling is 
so infrequently used, however, that it 
should be performed only under the 
guidance of trained personnel in strict 
accordance with established proced- 
ures. 

The following simple set of rules has 
been devised for handling all types of 
chlorine containers: 


1. A container holding chlorine 
should be handled with care. 

2. The valve bonnet should not have 
to support the full weight of the con- 
tainer, such as in hoisting and lifting. 

3. Do not drop containers or permit 
them to strike each other violently. 

4. Be sure that the container valve 
is closed before removing the valve 
protective cap. 

5. When returning empty contain- 
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ers, close the valve and test for leaks. 
Be sure that the valve protective cap 
and the bonnet are in place. The cap 
should be kept with the container dur- 
ing use. It is illegal to ship a defee- 
tive or leaking container. 

6. Open the container valve slowly. 
Use only wrenches supplied by the man- 
ufacturer. Cylinder valve wrenches 
are 314 in. long, and they are that 
length for a reason. 

7. The thread on the outlet of a cyl- 
inder valve is not a standard thread. 
Do not try to use a standard thread 
fitting on it. 

8. Store containers where it is dry 
and preferably cool. Do not store 
where there is a fire hazard. 

9. Weighing is the only means of 
determining how much chlorine is in 
a cylinder. Scales having a platform 
flush with the floor are preferable. 

10. Operate chlorine valves once a 
day to keep this stem free. 


The plant is operated only when the 
Connecticut River is at or below ele- 
vation 8.0 (city datum), at which 
stage river discharge is estimated at 
20,000 ¢.f.s. At higher stages gravity 
flow to and through the plant could 
not be obtained and the dilution ob- 
tained makes treatment unnecessary. 
During the periods of shutdown, when 
insufficient gas is being produced to 
supply heating needs, auxiliary oil 
fuel is used in the boilers, which have 
combination type (oil and gas) burn- 
ers. 


* For last previous extract see THIS JouR- 
NAL, 24, 3, 329 (Mar., 1952). 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


Biennial Report of the Hartford (Conn.) Metropolitan District Sewage 
Treatment Plant for the Years 1951 and 1952 * 


By Grorce E. Cramer, Operations Engineer 


Since 1947 digester operation had 
become increasingly unsatisfactory due 
to declining heat transfer efficiency and 
inert sludge build-up. The condition 
became critical in late 1951 and early 
1952. To correct it, all four digesters 
were dewatered and cleaned and the 
heating coils were descaled in the 
spring of 1952. Heat transfer re- 
turned to normal and digester opera- 
tion has been satisfactory since. 
Removal of the wool filter cloths was 
necessary after 400 working hours 
apiece. Although the cloths were not 
deteriorated and were still serviceable, 
ferric chloride used had increased be- 
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yond the economic limit. This was in’ well as on the wire mesh drum, has 
spite of thorough and regular washing done much to improve the operation 
with a dilute solution of muriatic acid of the filters. 

or trisodium phosphate. Use of a Table I is a summary of the plant 
steam cleaning device on the cloth, as operation data for 1951 and 1952. 


TABLE I.—Summary of 1951 and 1952 Operating Data at Hartford, Conn. 


1951 1952 
Item Average Average 
Estimated population served.................eeeeeee:: 230,000 230,000 
Sewage flow (m.g.d.)*.... 31.7 34.6 
Operating time (% of year)*.... 66.6 60.7 
Number of employees....... ; 25 25 
Grit (cu. ft./m.g.)....... 1.6 1.6 
Raw sludge 
Moisture (%).. 93.5 93.8 
Dry solids (lb./ /day) 24,820 26,830 
Dry solids (Ib./m.g.). 769 678 
Volatile solids (%)..... 69.5 71.2 
Detention im tame 2.75 2.35 


Digestion tank data: 
Temperature (° F.).... 

Hot water, in (° F.).. 


Total sludge removed (m.g. 6.27 5.96 
Moisture of sludge removed (9 4)... 95.3 95.0 
Ether soluble grease (%)........ 13.4 10.4 
Sludge gas data: 
Gas produced, total ou. 40.84 43.49 
Gas used, total (10® cu. ft.)....... 16.85 17.07 
Production per capita per day of operation (cu. ft.)........... 0.74 0.84 
Elutriated sludge data: 
Total sludge from elutriation tanks (m.g.)............. 5.52 5.49 
Volatile solids 46.8 46.3 
Vacuum filter operation data: 
Total operation (days)..... ee a 95 90 
Total operation (hr.)..... 1,109.8 1,085.4 
Total FeCl; used (Ib.)... 51,076 47,566 
FeCl;, dry basis (%)..... ees a 2.01 2.02 
Total sludge cake produced (10° Ib. ).. 7.53 6.83 
Total dry solids in cake (106 Ib.)............ 2.55 2.35 
Sludge cake produced, total (cu. yd.)................ . 4,428 4,018 
Operating cost data ($): 
Per capita per year.. ..... 0.52 0.59 
Analytical data: 
Suspended solids: 


Reduction (%) 
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Item 
Raw sludge: 
Moisture (%).... 
Volatile solids (%) 
Digested sludge: 
Moisture (%)...... 
Volatile solids (%). 
Elutriated sludge: 
Moisture (%) 
Volatile solids (%). . 
Reduction in volatile matter by digestion (%) 
Grease (°%): 
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Continuea 


1951 1952 
Average Average 
93.5 93.8 
69.5 71.2 
95.4 95.0 
48.5 50.5 
94.7 94.7 
46.8 46.3 
60.6 58.4 


Digested sludge..... 
Elutriated sludge. . 
Elutriate 


In addition to normal operating and 
maintenance work, the District during 


* For last previous extract see THIS JouR- 
NAL, 24, 7, 915 (July, 1952). 


Item Average 
Equivalent population, estimated. 318,200 
Rainfall (in.).. . 14.26 
Sewage flow (m.g.d.) 25.5 


Grit (cu. ft./m.g.) 1.5 
Settleable solids: 
Plant influent (ml./I.)t. . 
Clarifier effluent (ml./I.) ‘ 
Removal (°) 65.3 
Suspended solids: 


Plant influent (p.p.m.)f 304 

Clarifier effluent (p.p.m.) 139 

Removal (°%) 54.4 
B.O.D., 5-day: 

Plant influent (p.p.m.)f. 254 

Clarifier effluent (p.p.m.). 136 

Removal (%) 46.6 
Raw sludge to digesters, total (m.g.) 13.33 

Dry solids (tons/day).... 12.8 

Solids (°;) 9.2 

Volatile (%) 67.6 
Sludge from digesters to filters, total 

(m.g.).. 7.16 
Digested sludge: 

Solids (%) : 7.6 

Volatile 48.2 

pH.. 7.3 
Sludge gas: 

Produced, total (mil. cu. ft.). 65.10 


* All flows and capacities in U. S. gallons. 


* Plant closed during all or part of certain months; river elevation above operating level. 


Annual Report of the Greater Winnipeg (Man.) Sanitary District for the 
Year 1952 * 


By N. S. Bussis, General Manager 


TABLE II.—Summary of 1952 Operating Data, Greater Winnipeg Sanitary District * 


| 
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1952 replaced the Hart Avenue river 
crossing, damaged in the 1950 flood, 
with steel pipe; continued test opera- 
tion of the experimental sludge la- 


Item 


Average 


Used for heating, total (mil. cu. 

Wasted, total (mil. cu. ft.) 
Produced, daily (cu. ft.). 
Wasted, daily (cu. ft.) 


25.87 

39.23 
178.350 
112,566 


COz (%) 32:2 

Oz (%) 0.2 

CH, (%) 67.1 
Elutriated sludge: 

Sludge handled, total (m.g.) 7.16 


... 0.38 to 0.76 
1,060 to 1,300 
: 7.15 
7.6 to 11.3 
10.2 to 56.1 


Dry solids, effluent (%) 
Alkalinity (p.p.m.) 
pi... 
Solids 
Volatile (%) 

Sludge cake from plant: 


Total, wet (tons) 1,948.5 

Total, dry (tons) 541 
Ferric chloride used: 

Total (Ib.) 48,018 

Dose (©; of solids filt.) 4.0 to 5.4 
Days filters operated 44 


| Filter rate (Ib. dry sol./sq. ft./hr.). 3.9 to 5.0 


Cost of operation (8): 
Collection 
Treatment. 
Total... 

t Includes 
returns. 


80,581.37 
162,562.19 
243,143.56 


solids in elutriate and filtrate 


: Digested sludge......... 13.2 10.4 
Digestion and filtration alkalinities (p.p.m. as CaCQ,): : 
“ig 2,734 2,751 
280 271 
857 858 
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goons and sand beds (reported else- tion; completed enlargement of the 
where in Tuis CorNeER) ; continued the Colony Street pumping station; and 
District’s campaign on control of in- 


. . assumed maintenance and operation 
dustrial wastes from packing and 


functions on flood pumping stations in 
slaughter houses by cooperating in ages 
planning and operation of pretreat- the District. 
ment; completed installation of the A summary of 1952 operating data 
Montcalm screening and pumping sta- is given in Table IT. 


Annual Report of the District of Columbia Sewage Treatment Plant 
for the Fiscal Year 1952 * 


By E. Funrman, Superintendent 


The average daily flow of 172.7 rate activated sludge process was in 
m.g.d. represented an increase of 8 progress, after pilot-plant experiments 
per cent over the previous year. Con- with modified aeration. 

struction of four settling tanks, four , ; 

digesters, and additional gas storage Equivalent Population Factor 


facilities was completed and the units In former years, population equiva- 
were placed in service. Also, design ents have been calculated on the basis 
of the sludge disposal plant (building of 0.20 lb. of B.O.D. per capita per 
and equipment) was substantially com- day. The widespread use of synthetic 
pleted. A contract was let for chlori- detergents in place of soap has tended 
nation equipment and plans for specifi- to lower the population equivalent 
cations for the chlorination building values, as syndets have much lower 
were completed. Preliminary design B.0.D.’s than soaps. The present per 
for secondary treatment by the high- capita B.O.D. value appears to be 0.18 
~ * For last previous extract see THs Jour- Ib. per day. On this basis, the equiva- 
NAL, 24, 9, 1179 (Sept., 1952). lent population is 952,000. 


TABLE III.—Distribution of Operation and Maintenance Costs 


Administration $ 26,562 $ 667 — | - $ 1,077 | $ 28,306 
Laboratory 20,308 407 — | — | 1,076} 21,791 
Sewage pumping | 32,618 275 | $49,069 _- 2,154 | 84,116 
Grit removal | 19,859 316 378 - | 2,154 22,707 
Grit disposal 1,336 -- — | - — | 1,336 
Grease separation 2,699 2,154 4,853 
Sedimentation | 29,879 3,450 | 2,517 2,154 | 38,000 
Sludge digestion 16,424 477 | 574 2,154 | 19,629 
Sludge elutriation 3,049 175 | 151 - 2,154 5,529 
Sludge dewatering 29,025 | 21,273 2,258 — 2,154 | 54,710 
Sludge cake disposal $6,118 | — 6,118 
Shops | 10,189 663 | - | 10,852 
Roads, walks, and grounds 17,088 — | 17,308 


_| 
Sub-total | $206,337 | $27,923 $57,646 | $6,118 | $17,231 | $315,255 
Inventory changes — | 6,460 


Total budgetary expend. for oper. and maint. $321,715 
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Operating Costs 


Operating costs of the plant have 
been charged and distributed to actual 
sewage treatment functions (Table 
III). The cost of electrical energy has 
been deduced on the assumption that 
85 per cent of the power plant operat- 
ing costs are chargeable to electric en- 
ergy production, the remaining 15 per 
cent being charged to plant heating. 
The accounts which are general in their 
service to the entire plant (such as 
plant lighting, garage, storeroom, 
lawns, roads, walks, and miscellaneous) 
have been charged to the tabulated 
functions equally, counting the admin- 
istration and laboratory functions as 
a single unit, since they occupy a 
single building. 

In addition to the budgetary expense 
of $321,715, as shown in Table III, 
there are other costs of plant operation 


Item Average 
Sewage flow (m.g.d.) _ 172.7 
Equiv. pop. . . 952,000 
Night soil handled at plant: 

Loads, total....... ; 208 
Gallons, total......... 99,860 
Grit removed (cu. ft./m.g.) 2.5 

Solids (%) 74.7 

Volatile (%) , 11.5 
Suspended solids: 

Raw sewage (p.p.m.) me 170 

Effluent (p.p.m.).... 80 

Reduction (%).... : 52.9 
5-day B.O.D.: 

Raw sewage (p.p.m.) 120 

Effluent (p.p.m.). 84 

Reduction (%)... 30.0 
Raw sludge: 

Removed (lb., dry/day).. . 130,288 

Solids (%).... 6.7 

Vol. sol. (%). 65.9 

Grease 19.8 
Seum: 

Removed (g.p.d.) 10,728 

Solids (%) 18.4 

Volatile (%) 92.2 


Sludge digestion : 
Vol. sol. added daily (lb., dry) 89,699 


Dig. sl. removed (g.p.d.)..... 90,000 
pH dig. sludge eee 7.3 
Temp. dig. sludge (°F.).. 92 
Grease in dig. sl. sol. (%) 8.3 
Susp. sol. in sup. (p.p.m.).... 25,643 
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included in other sections of the Dis- 
trict of Columbia appropriations. For 
example, water supplied by the D. C. 
Water Division is not paid for directly 
by the plant. At an estimated cost of 
$60 per m.g., the metered consumption 
of 61.1 m.g. was valued at $3,670. 

Also, sludge cake shipped to the 
D. C. Department of Correction is ap- 
plied to the soil, but no allowance is 
made for the fertilizing value replac- 
ing commercial fertilizer. Therefore, 
the costs of disposing of the sludge are 
properly chargeable against the sew- 
age treatment operation. In 1951-52 
this operation expenditure amounted 
to $7,945. 

Including these costs, the operational 
charges for pumping and _ treating 
63,207 m.g. of sewage by primary treat- 
ment were $5.27 per m.g. Of this, 
pumping costs amounted to $1.33 per 


Item Average 


| Sludge gas: 


Total prod. (cu. ft./day) 689,000 
Used (cu. ft./day)... 434,000 
Wasted (cu. ft./day). 255,000 
Produced (cu. ft./cap./day) 0.8 
B.t.u., gross (per cu. ft.).. : 641.0 
B.t.u., net (per cu. ft.). : 589.4 
Methane (%)........ 60.8 
Carbon dioxide (°) 34.5 
Elutriated sludge: 
Solids (%)..... 8.0 
Vol. sol. (%).. 46.4 
Ratio wash water to sl. vol 1.4 
Alk., dig. sl. (p.p.m.) 2,713 
Alk., elut. sl. (p.p.m.) 635 
Eff. wash water ratio 3.3 
| Elutriate: 
Susp. sol. (p.p.m.) 3,467 
Alkalinity (p.p.m.) 1,418 
5-day B.O.D. (p.p.m.) 902 
Sludge dewatering: 

Dewatering time, total (days) 208 
Filter hours, total 3,332.1 
Cake produced, total (tons, wet) 19,769.0 
Solids in cake (©) 28.3 
Dry solids in cake, total (tons) 5,592.4 
Yield of solids (Ilb., dry/sq. ft. 

6.7 
FeCl; (%) 4.18 
Susp. sol. in filtrate (p.p.m.) 209 

Operation and maintenance cost, 
total. . 715 


= 
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m.g. and sludge shipping and cake dis- 
posal costs amounted to $0.22 per m.g. 
($0.71 per ton of vacuum filter cake 
produced). The marked reduction in 
the latter figures from $0.52 per m.g. 
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and $1.22 per ton of previous fiscal 
year results from the approximately 
6,000-ton decrease in rail shipments. 
Operating data for the fiscal year 
1952 are summarized in Table IV. 


To determine the method of sludge 
handling to be adopted when plant 
extensions now under way are com- 
pleted, sand beds and lagoons have 
been under test at the Winnipeg, Man., 
sewage treatment plant since January 
1951. Results of the first two years 
of testing, although not conclusive, 
may be of interest to others concerned 
with the sludge drying problems. 

The plant handles the sewage from 
Winnipeg and five smaller communi- 
ties, with a total population of 315,240. 
The 39,461-ft. intercepting sewer varies 
from 42 in. to 90 in. in diameter and is 
made of alkali-resisting cement con- 
crete. The dry-weather flow of 26 
trunk sewers is delivered to 16 com- 
minutor stations, where it is reduced 
to 14-in. size before discharge to the 
interceptor. At the plant sludge is 
pumped to four digesters, the gas pro- 
duced being used for heating the di- 
gesters and buildings, or burned as 
waste. Digested sludge currently is 
elutriated and vacuum filtered. In 
1952 a total of 541.1 tons of filter cake 
was produced. 


Test Conditions 


Each of the six test lagoons is 100 
by 150 ft. in size. Three of them also 
are provided with tile underdrains— 
an unusual feature, as lagoons nor- 
mally are not underdrained. However, 
the highly impermeable underlying clay 


* Adapted from 1952 Annual Report of the 
Greater Winnipeg Sanitary District. 


SLUDGE DRYING TESTS AT WINNIPEG * 


By N. S. Bussis 


General Manager, Greater Winnipeg Sanitary District, Winnipeg, Man. 


(Red River gumbo) indicated that 
such an arrangement might be desir- 
able. The two drying beds are each 
50 by 150 ft., providing a total of 14 
acre of drying area. 

The year 1952 was the third warm- 
est on record, with a mean tempera- 
ture of 39.1° F. It also was the second 
driest on record, the total precipita- 
tion being 14.26 in., or 70 per cent of 
normal. The mean relative humidity 
of 74 per cent was slightly lower than 
the 14-yr. average of 78 per cent. 

Digested sludge and elutriated di- 
gested sludge were tested in both the 
underdrained and plain lagoons (Ta- 
ble I) and on the sand beds. Shrink- 
age of the sludge by drying out is in- 
dicated by the reduction in depth or 
volume at various times. After the 
ground and sludge had thawed out it 
was found that the top and bottom 
layers in lagoon No. 4 were drier than 
the center (Table II). The sludge in 
the underdrained lagoon was dry 
enough to be removed after 18 months, 
whereas the sludge in the plain lagoon 
could not be removed then and prob- 
ably would require at least 24 months. 

Frost is an important factor in op- 
eration of lagoons in this area. As a 
result of frost, no drying takes place 
from November to April and no water 
pereolates through the underlying 
strata. The small evaporation from 
the frozen sludge can be explained by 
the insulating value of the 14- to %4-in. 
deep layer of dry powdered sludge par- 
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TABLE I.—Types and Amounts of Sludge Put in Test Lagoons 


Lagoon Sludge 
| | Vol., 12/31/52 
No. Drains Type Dry | “a | 
| | (gal.)! (cu. yd.) 
2 | Yes Dig., elut. | 671,200 | 480,600 | 91.8 | 4.1 | 240,000 | 1,120 
3 Yes Dig. 748,336 | 497,000 92.3 | 4.0 | 230,000 | 1,070 
4 | Yes Dig. 337,336 | 154,000 9.6 | 3.75 | 210,000? 980? 
5 | No Dig. | 618,000 128,000 919 | 29 | 155,000 | 1,020 
6 No Dig. | 565,184 317,300 | 93.5 | 3.9 | 220,000 | 1,020 
7 | No | Dig., elut. | 725,800 | 527,000 | 91.6 | 4.65 300,000 | 1,400 
‘U.S. gallons. 
2 450 cu. yd. dry sludge removed Nov. 8-20, 1952; refilled. 
ticles left on the surface. Actually, water percolation. Wooden drain 


winter evaporation of the sludge mois- 
ture amounts to less than 0.1 ft. No 
obnoxious odors have been encountered 
from the sludge lagoons. 


Surface Drainage Important 


Although tests showed that the un- 
derdrained lagoons would remove the 
water more quickly than the plain ones, 
it soon became apparent that removal 
of the surface water was the most im- 
portant factor in sludge dewatering. 
Natural evaporation was too slow, so it 
was decided to decant the water from 
the lagoons. The first method tried 
was to place piles of coarse stone over 
the underdrains at the end of the la- 
goons. Sludge piled up against the 
stone, however, and quickly stopped 

TABLE II.—Water Content of Sludge 
in Lagoon No. 4 


Water Content (°%) 


| 
Total 
Date Depth 
Top | 1-Ft 2-Ft Ip tt 
Inch | Depth Depth 
June 10 | 2.7 | 48.5 | 62.1 | 69.5 | 72.5 
June 17 | 2.4 | 29.5 | 57.0 | 62.6 | 65.3 
July 24 2.3 31.6 | 54.5 | 46.3 | 
Aug. 13 
Oct. 10 | 3 3 | 3 


1 Traces of frost. 
2 Composite sample. 
31 cu. ft. dried sludge weighed 39.5 Ib. 


boxes with weir stop-planks were then 
constructed at the lagoon bank op- 
posite the sludge inlet pipe. This 
allowed the surface water to be drawn 
off slowly and discharged to a sewer. 


Conclusions 


Tentative conelusions resulting from 
the tests are as follows: 


1. Sand beds will give four loadings 
per year, but can be used only during 
the summer season. The high con- 
struction cost and the large area re- 
quired prohibit their use at Winnipeg. 

2. Obnoxious odors are not expected 
from the lagoons. 

3. Without drainage of surface wa- 
ter, sludge in the underdrained lagoons 
could be removed in 18 months, but 
in lagoons without underdrains would 
require at least 24 months. 

4. Other factors make underdrains 
unjustifiable and successful operation 
of lagoons will depend on the ability 
to decant or otherwise remove all ex- 
cess liquids from the lagoons. 

®). Although sludge lines frozen dur- 
ing the severe winter months could be 
thawed out, consideration might be 
given to providing space for sludge 
storage so that large amounts of sludge 
could be discharged to the lagoons at 
greater intervals. 


4 
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Public Relations on the Air 


An extremely interesting 15-min. 
program on the Little Rock (Ark.) 
Sanitary Sewer System and its opera- 
tion and maintenance recently was 
broadcast over radio station KVLC of 
that city. Participating were the 
mayor and the chairman of the Sewer 
Committee, as well as C. M. Greene, 
R. Ouellette, and T. W. Clapham, re- 
spectively inspector, general foreman, 
and manager. Putting the program 
on the air at 6:00 pm on a Sunday 
evening insured a maximum opportun- 
itv for reaching the greatest number 
of listeners. 

Following introduction of the par- 
ticipants and some general data con- 
cerning the Sewer Committee and how 
it is appointed, the program followed 
the question-and-answer technique. 
Subjects discussed included the fune- 
tion of the Sewer Department, use of 
the funds raised by the sewage service 
charge, bonded indebtedness of the sys- 
tem, installation of sewers, inspection 
of connections, and operation and main- 
tenance of the system. To any inter- 
ested person the program presented a 
concise but over-all picture of the sys- 
tem’s functions and problems. It also 
offered an excellent opportunity to 
point out how the general publie can 
be helpful in reducing the problems, 
and therefore the costs, by a little care 
in its use of the sewers. 

A progressive administrator is al- 
ways seeking to improve public rela- 
tions for his organization, especially 
through informative talks to the people 
served. What an excellent medium the 
local radio station makes! 


Plastic Cover-All 


Claimed to be rugged, durable, and 
100 per cent waterproof, a vinyl plastic 
foul-weather cover-all now on the mar- 
ket also is oil and grease resistant. 
Moreover, it is odorless, flame-proof, 
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and will not stick. The cover-all is 
marketed under the name of ‘‘ Weth- 
A-Dri’’ by Car-Blair Ltd., 40 West 57th 
St., New York 19, N. Y. 


Sludge as Cover for Ash Dump 


Experiments on covering the power 
station ash dumps with digested sludge 
were reported in a paper on ‘‘Opera- 
tion of the Coleshill Works of the 
Birmingham Tame and Rea District 
Drainage Board, 1938-1952,’’ pre- 
sented at a meeting of the Midland 
Branch, Institute of Sewage Purifica- 
tion, at Birmingham, England, on 
April 16, 1953. 

In answering questions raised dur- 
ing the discussion the author, C. E. 
Winsor, made the following points: 


1. Use of digested sludge as a top 
dressing on powerhouse ash dumps (in 
layers up to 12 in. thick) prevented 
nuisance from blowing ash dust. 

2. Addition of a commercial ferti- 
lizer to the sludge surface gave very 
good yields of grass from mixed seed. 

3. Clover, contained in the mixed 
seed, was suppressed by the luxuriant 
growth of all grasses. 

4. The industrial sludge from the 
neighboring Minworth sewage treat- 
ment plant required a top dressing of 
soil on the sludge before grass seeds 
would germinate. 

5. Disposal of digested sludge on 
sanitary fills and ash dumps offers a 
means of reclaiming otherwise waste 
areas. 

6. The amount of sludge required on 
the ash dumps was relatively small in 
quantity and intermittent in demand. 
This use, therefore, would not solve 
any of the sludge drying and disposal 
problems at the Coleshill plant. 


Fire Retardant Paint 


A new washable, flat, oil base, fire 
retardant paint may well prove to be 
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one of the greatest advancements yet 
made in preventing the tremendous 
loss of life and property that can re- 
sult from rapidly spreading flame. 
Easily applied to the interior of build- 
ings by brush or spray, the new paint 
is claimed to contain its own ‘‘built-in’’ 
fire extinguishers; when exposed to 
flame it pours out carbon dioxide and 
calcium chloride, which smother fire 
and retard the spread of flame right on 
the surface. The paint is made in 
white and six colors by the Fyr-Kote 
Co., 27th and Douglas Streets, Omaha, 
Nebr. 


Safety Incentive 


In a recent letter, W. A. Ryan, con- 
sulting chemist of Rochester, N. Y., 
not only called attention to the re- 
duced status of superintendents, opera- 
tors, and laborers in village sewage 
treatment plants, but also to the per- 
sonnel turnover resulting therefrom. 
‘*This turnover,’’ says Mr. Ryan, ‘‘ pre- 
sents a greater need than ever to teach 
the new men safety precautions.’’ He 
also suggests that every plant should 
have a large sign on its bulletin board 
outlining, in large type, all the perti- 
nent safety rules and precautions. 

To make the men even more safety 
conscious, Mr. Ryan suggests that those 
with good safety records should be 
allowed an extra day’s vacation with 
pay every six months. 


Operator Training Need 


To determine the need for training 
of sewage treatment plant operators 
in Michigan, and the level of training 
most needed, a cooperative survey was 
made by the Educational Committee 
of the Michigan Sewage and Industrial 
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Wastes Association and the Michigan 
State Health Department. The survey 
results, reported at the 1953 annual 
meeting of the association, indicate a 
hitherto unsuspected high turnover in 
plant personnel, with an equally criti- 
eal need for short course and other 
training at all levels. 

According to the committee report, 
during 1951 and 1952 there were 70 
changes of supervisory personnel in 
the 160 plants in the state. It must 
be recognized, of course, that some of 
these changes may be duplications. As 
a result of the high turnover in that 
phase of plant operation, however, a 
plant personnel study revealed that 
79 individuals needed basic instrue- 
tion, 88 required instruction above the 
elementary level, and 41 required top- 
level instruction. 


Garbage Bonanza? 


Latest in the long line of attempts 
to wring money out of garbage is re- 
ported to be an offer of one concern 
to share its profits with colleges en- 
dorsing its garbage processing system 
for installation in the college communi- 
ties. The system is said to utilize 
‘*selected’’ thermophilic bacteria to 
reduce raw garbage to salable compost 
in 48 hr. 

The necessary equipment seemingly 
also includes rose-colored glasses—the 
promoter is said to be offering as much 
as 75 per cent of the profits of any 
local installation to each college en- 
dorsing the system. Returns to a col- 
lege situated in a city of 20,000 have 
been estimated at $12,000 per year. 

A short while ago it was ‘‘golden’’ 
garbage; but it would appear that 
someone’s now trying to process it by 
high finance. 


x 
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Reviews and Abstracts* 


Disinfection of Wastes by Chlorination. 
By H. Hevxevexian, R. Day, R. 
MANGANELLI. Ind. Eng. Chem., 45, 
1004 (1953). 


The starch-iodide, o-tolidine, and am- 
perometric procedures were used to deter- 
mine chlorine residual in a study of bac- 
terial survival in a variety of industrial 
wastes after chlorination. There was no 
consistent difference or superiority in the 
chlorine residual procedures as correlated 
with bacterial kill. Each residual tech- 
nique had some weakness, although the 
amperometric titration procedure gave the 
least trouble. R. 8. InGois 


Determination of Milligram and Submilli- 
gram Quantities of Copper. By K. 
TANTRANON AND B. B. CUNNINGHAM. 
Anal. Chem., 25, 194 (1953). 


The method uses the iodate titration of 
cuprous thiocyanate in very minute vol- 
umes for microgram amounts of copper. 

R. 8. Incots 


Industrial Water Pollution Abatement. 
By Roy F. Weston. Chem. Eng. News, 
31, 2, 134 (1953). 

Misuse of water as a carrier of waste has 
led to the development of public policy 
relative to water pollution control. Ex- 
cerpts from New York and Pennsylvania 
laws show typical legislation. 

Because development of industry is de- 
pendent on proper use of water resources, 
industries have adopted policies relative to 
pollution abatement, to the prevention of 
future pollution, to the expenditure of 
funds for these purposes, and to coopera- 
tion with regulatory agencies. The latter 
are usually sympathetic and helpful where 
an industry shows good faith. 

Water pollution abatement is a public 
relations problem. The public, rather than 
the industry, usually benefits by expensive 
water pollution control. 


Pollution control is a technical problem 
requiring specialized industrial depart- 
ments or the use of consultants. The two 
usual problems are correction of existing 
conditions and maintaining future ap- 
proved quality. 

A plant waste disposal survey is an im- 
portant factor in these problems. Con- 
sideration should be given to effluent treat- 
ment only when all other means of waste 
control have been fully exploited. Every 
plant has its own problem. Following 
completion of an approved waste disposal 
unit, competent operation and control of 
it is necessary to maintain the company 
policy. R. E. ANDERSON 


Abwasserreinigung im Emschergebiet 
(Sewage Treatment in the Emscher Dis- 
trict). By G. Re- 
print from Chem. Ind. (German), 3, 1 
(Jan., 1951). 


This article describes the development 
of waste treatment measures made neces- 
sary by the extensive industrial expansion 
during the past 75 years in the Rhein- 
Westfall region of Germany. A special 
law (1904) created an Emscher Valley San- 
itary District, a self-governing body which 
regulates the drainage and waste treat- 
ment, and constructs, maintains, and oper- 
ates the treatment works in the Emscher 
region. Membership of municipal and 
industrial representatives in the association 
and responsibility for funds to carry out 
the association work are dependent upon 
the relative amounts of waste discharged. 
Governmental control is exercised through 
the Ministry of Economics and Commerce 
of the North Rhein-Westfall state. 

The District started activity with the 
construction of Imhoff-Emscher tanks to 
take care of municipal sewage. By 1920, 
23 plants with a total of 138 Imhoff tanks 
were treating the waste of 1,100,000 per- 
sons, or 52 per cent of the population of 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tu1s JournaL. Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. Address such material: Federation of Sewage and Industrial Wastes Assns., 


325 Illinois Bldg., Champaign, III. 
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the region. The District met the chal- 


lenge of increasing industrial wastes 
with study and experimentation and 


established the policy of recovery of valu- 
able materials and the treatment of wastes, 
so far as possible, near the source. Recov- 
ery of phenols asa result of industry-district 
cooperative effort is especially significant. 
By 1950 the District had cleaned up 81.5 
km. of Emscher River channel and 261 km. 
of secondary brook channel, and had 51 
pumping stations (17, 462 hp.), 22 primary 
plants treating 1,500,000 cu. m. per day 
(396.3 m.g.d.), and 13 plants recovering a 
total of 300 tons of phenol per month. 
The value of the complete works is about 
240,000,000 D.M. ($56,750,000). 

Of the 27,900,000 D.M. budgeted in 
1950, 5,100,000 D.M. were for manage- 
ment, operation, maintenance, and financ- 
ing; 14,200,000 D.M. were for elimination 
of damage to existing plants due to mine 
settling; and 8,600,000 D.M. were for spe- 


cial projects, including elimination of 
World War II damage. Of the funds 


received in 1950, 90 per cent came from 
the mining industry, 2.6 per cent from iron 
and steel works, 2.2 per cent from other 
industries, and 5.2 per cent from munici- 
palities. G. R. GRANTHAM 


Semimicrodetermination of Dissolved Oxy- 
gen. By FE. L. Harper. Anal. Chem., 
25, 187 (1953). 


A technique and the necessary apparatus 
for determining D. O. in 37 ml. of water is 
described. R. 8. Incous 


Sanitary Engineering Conference Held at 
South District Filtration Plant, City of 
Chicago on September 11, 1952. U.S. 
AEC Gov. Doc. No. Wash-129, Tech. 
Inf. Serv. Oak Ridge, Tenn. 


The document consists of 25 papers (189 
pages) summarizing the research and sur- 
vey investigations pertaining to radio- 
active waste treatment and disposal con- 
ducted by several universities, the AEC or 
its contractors; the USGS, USPHS and the 
U.S. Weather Bureau. The subjects cover 
a broad field, including the diversity of 
problems, the effect of radioactive isotopes 


in treatment processes and tests, the 


removal of radioisotopes from water and 
wastes, methods and instrumentation for 
assaying radioactivity, and the meteoro- 
L. R. Serrer 


logical programs. 


SEWAGE AND INDUSTRIAL WASTES 


November, 1953 


Effect of Detergents on Sewage and Water 


Treatment. Anon. Chem. Eng. News, 
31, 1072 (1953). 
This article gives basic information 


about synthetic detergents, as well as dis- 
cussing the problems encountered in water 
and sewage plant operation from synthetic 
detergents. Because of the phosphates 
used in household cleaners, much greater 
algae growths may be expected in receiving 
streams and lakes than were found before 
phosphate use. 

In some cases non-foaming synthetic 
detergents may still apparently cause foam- 
ing at a sewage treatment plant. 

R. S. INGous 


Determination of Oxygen Demand and 


B.O.D. by the Use of Oxygen. By K. 
Viewc. Gesundh.-Ing., 74, No. 7/8 
(1953). 


At 5-day B.O.D.’s above about 4 p.p.m. 
pure oxygen is usually negligibly inhibitory 
on the value of the B.O.D., but it does 
inhibit nitrification. Pure oxygen may 
thus be used for 24-hr. oxygen demands for 
undiluted river waters without necessi- 
tating complicated Sierp or Warburg equip- 
ment. 5-day B.O.D.’s require fewer and 
lower dilutions. PeTerR K. MUELLER 


Water and Sewage Problems in Schleswig- 
Holstein. By E. Weise. Gesundh- 
Ing., 74, 20 and 52 (1953). 


Only about 50 per cent of the population 


are connected to centralized water 
systems. Hardly any sewage treatment 
plants exist. Typhus paratyphus 


incidence was 2.44 and 1.4 per 10,000 pop- 
ulation in 1950. Recommendations for 
public education, for organization, and for 
administration of water resources are cited. 
The author recommends a ground-water 
supply survey, central water supply, com- 
plete sewage treatment, utilization of diges- 
ter gases, preparation of fertilizer from 
sludges, controlled sewage farming by 
means of spray irrigation, and utilization 
of wind power for plants wherever possible. 
K. MUELLER 


Self-Purification and Permissible Sewage 
Load. By W. Gesundh.-Ing., 
74, 15 (1953). 


The principles of self-purification are 
thoroughly reviewed. The ratio of reaera- 
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tion (k2) and oxidation (k;) rates is ap- 
proximately constant for most streams. 
Thus k, and kz are interdependent, so that 
(B.0O.D.), =f De =1.25 De, where 
(B.O.D.), is the permissible total B.O.D. 
of the stream, f = k2/k:, and Dc is the de- 
sired oxygen deficit. For streams support 
ing fish life the 5-day B.O.D. should not 
exceed 5.0 p.p.m. Pretrer K. MUELLER 


Maximum Permissible Amounts of Radio- 
isotopes in the Human Body and Maxi- 
mum Permissible Concentrations in Air 
and Water. Nat. Bur. of Stand. Hand- 
book 52. Supt. of Doc., Washington 25, 
D.C. Price, $0.20 (1952). 


Subcommittee 2 on Permissible Internal 
Dose of the National Committee on Radi- 
ation Protection, under the sponsorship of 
the National Bureau of Standards, has 
revised NBS Handbook 42 on the basis of 
new biological toxicological and radio- 
chemical evidence. The provisional levels 
of permissible concentrations of unknown 
mixtures of radioisotopes in the air and 
water, exclusive of natural background, 
are 100 wuc. of alpha or beta-gamma per 
liter of water, 1 yuc. of beta-gamma per 
liter of air, and 0.005 wyue. of alpha per liter 
of air. 

Tables are given for the permissible 
amount of specific isotopes in the body and 
the permissible concentration in air and 
water for continuous exposure and the fac- 
tors used in arriving at ‘‘tolerance”’ values. 
For instance, the maximum permissible 
level (MPL) in water for Ra®* (alpha and 
beta emission) is 40 micromicrocuries per 
liter (ue. per 1.). The MPL in water for 
Sr® and Y*® (beta emission) is 800 pyc. 
perl. Other listed isotopes are permitted 
in higher concentrations. L. R. Serrer 


Theorie und Praxis des Abwasserlast- 
planes. (Theory and Practice of Sew- 
age Loading Factors.) By G. MiLuer- 
NevuHavs. Reprint from Die Wasser- 
wirtschaft (1952). 


This article describes the factors which 
affect the waste loading of streams, the 
attendant difficulties in measurement of 
these factors, and a method for estimating 
the allowable loading for streams. The 
Lippe River of the Emscher District of 
Germany is used as an example. 

Although no new and startling methods 
and theories are presented, the factors are 
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discussed in an interesting and complete 
manner. A series of loading diagrams, 
upon which is plotted distance along the 
stream versus the ratio of the existing load- 
ing to the computed allowable loading, 
were presented for the different stages of 
flow and stream temperatures. The com- 
puted values were checked by actual 
measurement. The diagrams show where 
and under which conditions of flow and 
temperature the ratio exceeds unity, the 
critical loading. It is interesting to note 
that the ratio for the River Lippe at 60 
cu. m. per sec. flow and 8° C. remains 
below unity for its entire length, but under 
summer conditions of 7.7 cu. m. per sec. 
and 15 to 25° C. temperature, the ratio 
climbs above unity for most of the river 
length, and at points goes to as much as 
2.6. 

The author states that the principles and 
methods presented could be used with a 
minimum of stream and waste load data 
to form plans for streams, but cautions 
that much leeway must be used in drawing 
conclusions in such instances. 


G. R. GRANTHAM 


Zwei Neue Klaranlagen der Emscherge- 
nossenschaft. (Two New Clarification 
Plants of the Emscher District.) By H. 
WIEGMANN AND G. MiLLER-NEUHAUS. 
Reprinted from Die Wasserwirtschaft 
(1952). 


The first two primary treatment plants 
of the seven planned for post-war new con- 
struction in the Emscher District are 
described. The principal post-war activ- 
ity has been the reconstruction of the pre- 
war system of 23 plants, of which only 10 
were in operation in 1945 when 90 per cent 
of the sewage of the area flowed untreated 
into the Emscher and Rhein. In 1950, 
75 per cent of the population and 85 per 
cent of industry were again connected to 
treatment plants. The seven new plants 
will bring the wastes from the entire popu- 
lation and all industry under treatment. 

The larger of the two plants, Berne- 
mundung, consists of two circular clarifi- 
cation basins 65 m. in diameter designed 
to provide primary treatment for about 
410,000 persons. Depth varies from 1.8 
m. at the edge to 3.65 m. at the center. 
The second plant, Schwelgern, consists of 
one clarifier 38 m. in diameter, 0.7 m. deep 
at the edge and 2.4 m. deep at the middle, 
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and designed for about 28,000 persons. 
Both plants have sludge scrapers, center 
sludge hoppers, and separate sludge treat- 
ment. The larger plant cost was 1,400,000 
D.M.; the smaller, 500,000 D.M. 

Of particular interest is the construction 
of the two plants, because both are placed 
on soil that may sink because of shifting 
earth due to old mine works. Instead of 
overflow weirs, which would require con- 
stant and considerable adjustment, ver- 
tical slots spaced around the tank wall 
were used. These discharge in proportion 
to the head on them, which varies depend- 
ing upon the flow and the amount of addi- 
tional storm water. Reinforced concrete 
walls and slabs designed to move are made 
water-proof by copper plates cast into the 
joints. The center works are provided 
with special foundations, the rim track for 
the scraper arm being made of pre-cast 
beams so placed as to be adjustable. The 
bottom slab of the Schwelgern plant is 
hyperbolic in shape to provide constant 
horizontal velocity of flow from the center 
to the rim. Special distributing slots 
reduce to a considerable extent the short- 
circuiting and increase the settling effi- 
ciency almost twofold. 

G. R. GRANTHAM 


The Law Relating to River Pollution Pre- 
vention. By G. E. Waker. Jour. 
Inst. San. Eng. (Gt. Brit.), 52, 2, 105 
(1953). 

This is a review of the situation in Great 
Britain, bringing up to date a former paper 
in the Journal (July, 1944, p. 329). The 
subject matter is divided into two parts; 
namely, the common law position and the 
statutory prohibition of pollution. Since 
1944, three main events have occurred— 
the passing of the River Boards Act in 
1948, the publication of the Report of the 
Rivers Pollution Sub-Committee in 1949 
(the so-called Hobday Report) on Preven- 
tion of River Pollution, and the coming 
into force of the Rivers (Prevention of 
Pollution) Act in 1951. 

The common law position has not 
changed since 1944 in Great Britain. The 
author discusses the necessity for pollution 
prevention, with definitions, and sum- 
marizes the common law position, the 
statutory prevention of pollution, the 
Rivers Board Act of 1948; several Private 
Acts; and the Rivers (Prevention of Pol- 
lution) Act of 1951. By-laws may be 
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November, 1953 


passed prescribing standards for matters 
to be treated as poisonous, noxious, or 
polluting by reason of its temperature or 
its effect in discoloring a stream. 

Storm waters are subject to the Act in 
the same way as other effluents. As yet, 
no standards have been formulated in gen- 
eral, although the recommendations of the 
Royal Commission on Sewage Disposal 
may be adopted where albuminoid am- 
monia exceeds 2 p.p.m., suspended solids 
exceed 30 p.p.m., and dissolved oxygen 
absorbed in five days (B.O.D. test) exceeds 
20 p.p.m. Other tests are also applied. 

The paper is of interest to those who 
wish to compare pollution law and control 
in Great Britain with the conditions in the 
United States. LANGDON PEARSE 


BOOKS, REPORTS, 
AND PAMPHLETS 


Second Annual Ohio Water Clinic. Ohio 
Chamber of Commerce, Columbus, Ohio. 
21 pp., mimeo. (1953). 


Abstracts of papers presented at the 
meeting, held February 19-20, 1953, in 
Columbus, Ohio, on the conference theme 
‘‘Water Management.” 


Assaying Techniques for Radioisotopic 
Contaminants in Water Supplies. By 
GorDON WHELER, JR., WARREN J. 
KAUFMAN, AND Sedg- 
wick Lab. of San. Science, Mass. Inst. 
of Tech., Cambridge, Mass. (1952). 


Effect of Beta Radiation upon Biochemical 
Oxidation of Polluted Waters. By 
RouF T. SKRINDE AND CLAIR N. SAWYER. 
Sedgwick Lab. of San. Science, Mass. 
Inst. of Tech., Cambridge, Mass. 
(1952). 


Flow Metering—Technical Information 
Sheet 15-K-40w. Foxboro Co., Fox- 
boro, Mass. (1953). 


Contains 6 pages of practical information 
on flow metering, with tables, curves, and 
illustrative problems. The data should be 
extremely useful to consulting engineers, 
designers, and health department person- 
nel concerned with preparing or checking 
treatment plant plans. 
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In St. Joseph—Benton Harbor, Mich... . 


this activated sludge 
plant to handle 
heavier seasonal loads with the “PFT KRAUS PROCESS” 


In the design of the sewage treatment plant 
for the sister cities of St. Joseph and Benton 
Harbor for a population of 50,000 the engineers 
were confronted with a heavy load increase in 
summer—10,000 additional visitors, plus the 
equivalent of 25,000 in wastes from local can- 
neries. The problem was to handle an increased 
load of 70% during peak summer months. 

Solution—the “PFT Kraus Process”, a new 
method of interchange to handle this heavier 
load without additional aeration basins, aer- 
ation facilities or appreciable greater amount 
of air. The increased load is handled by the 
“Kraus Process” method of piping and sludge 
pumping, and by making effective use of di- 
gestor liquor in the main treatment process. 

How the process works—As shown in the 
diagram, a portion of the aeration tanks are set 
apart for nitrifying aeration. Digestor liquor or 
digested sludge, or a mixture of both, is then 
added to the nitrifying tank. The ammonia ni- 
trogen in the digestor liquor or sludge is con- 
verted to nitrites or nitrates. This produces 
highly nitrified solids which are then returned 
to the remaining activated sludge aeration 
tanks. This process aids the entire waste treat- 
ment operation in two ways: 


(1) During normal loads, it produces a 
sludge that settles more readily to pro- 
vide greater purification. 

(2) During peak loads, it provides a reserve 
of highly nitrified active solids which 
are readily available to balance the in- 
creased load of organic matter. 

The highly nitrified sludge may be returned 
continuously to the normal activated sludge 
process or may be returned only when needed 
to overcome shock loads of organic matter. 

Pacific Flush Tank has the exclusive rights 
for licensing this process and will supply im- 
mediate data and recommendations on request. 
Other plants now operating with the PFT 
Kraus Process include: Peoria, Ill., Rochelle, 
Ill., Durham, N.C., Woodstock, III. 

Other PFT equipment installed in the new 
plant: 3 Floating Covers to fit 80’ Diameter 
Digestors; 2 Heater & Heat Exchanger Units 
(750,000 B.T.U./hr.) ; 3 Cover Position Indi- 
cators; Supernatant Selector and Gauge; 6 
eight inch Rotary Sludge Withdrawal Valves; 
Gas Safety Equipment. 


Design| Consoer, Townsend & Associates 
of plant by | Chicago, Ill.. 


PACIFIC FLUSH TANK CO. 


Waste Treatment Equipment Exclusively Since 1893 


4241 RAVENSWOOD AVE. 


CHICAGO 13, ILLINOIS 


YORE @ LOS ANGELES @ SAN FRANCISCO CHARLOTTE, M. JACKSONVILLE @ DENVER 
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Proceedings of Member Associations 


MONTANA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 9th Annual Meeting of the Mon- 
tana Sewage and Industrial Wastes 
Association was held in Kalispell, 
Mont., on April 23, 1953. A total of 
53 registered for the meeting. 

Papers were presented as follows: 


‘*Fundamentals of Natural Purifica- 
tion in Streams,’’ by John Wilson, 
Biologist, USPHS, Portland, Ore. 

‘‘Stream Gaging and Its Relation to 
Pollution Studies,’’ by Allan Sollid, 
USGS, Kalispell, Mont. 

‘Sewage Lagoons,’’ by A. W. Clark- 
son, Montana State Board of Health, 
Helena, Mont. 


At the business meeting, F. F. Pal- 
mer, City Engineer, Forsyth, Mont., 


was nominated to receive the Federa- 
tion’s Arthur Sidney Bedell Award. 

Officers elected for 1953-4 were as 
follows: 


Chairman: C. King, Chinook. 
Vice-Chairman: H. Owen, Billings. 
FSIWA Director: H. Owen, Billings. 
Secretary-Treasurer: H. W. Taylor, 
Helena. 
Harvey W. TAYLor, 
Secretary-Treasurer 


ROCKY MOUNTAIN SEWAGE 
WORKS ASSOCIATION 

The 16th Annual Meeting of the 

Rocky Mountain Sewage Works As- 

sociation was held at the Frontier 

Hotel, Cheyenne, Wyo., September 15, 


(Continued on page 442a) 


dustry. 


SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “Parker- 
ized”’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 
2437 East 24th Street 


for 


Los Angeles 54, Calif. 
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Lithographed on stone for U. S. Pipe and Foundry Co. by John A. Noble, A. N. A. 


Winter OR SUMMER, in the hills 

or on the flats, make no difference to cast iron 
pipe. Whether it is used for a water supply 
line, a gas feeder main or a pressure sewer, 
cast iron pipe has a rich history of highly 
satisfactory performance behind it 

for each type of service. 


ast 
U.S. pipe centrifugally cast in metal molds Cc s 


up to 24-inch, pit cast pipe in the larger sizes PIPE 
and fittings are made in accordance with 
Federal, American Standard and FOR WATER GAS SEWERAGE 


AND INDUSTRIAL SERVICE 
American Water Works Association 
specifications wheresoever they apply. 


With our production distributed in five 
strategically located plants, we are in an 
excellent position to meet your requirements. 


United States Pipe and Foundry Co., 
General Office, 3300 First Ave., N., 
Birmingham 2, Ala. @ Plants and Sales 
Offices Throughout the U.S.A. 
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1952. Registration totaled 52 mem- 
bers and guests. 

A paper on ‘‘Stream Pollution 
Abatement,’’ by W. N. Gahr, Director 
of Sanitation and Sanitary Engineer- 
ing, Colorado State Board of Health, 
was discussed by L. O. Williams, Jr., 
and Charles G. Caldwell, his counter- 
parts in the Wyoming and New 
Mexico State Boards of Health, re- 
spectively. This was followed by an 
‘*Qperators’ Round Table on Problems 
and Operation of Sewage Treatment 
Plants,’’ led by Dana E. Kepner, 
Manufacturers’ Representative, Den- 
ver, Colo. 

At the Annual Business Luncheon, 
the following officers were elected to 
serve during 1952-53: 

President: C. H. Coberly, Denver, Colo. 
Vice-President: J. Frederick, Colorado 

Springs, Colo. 

Secretary-Treasurer: C. E. Harness, 

Denver, Colo. 


The meeting closed with an inspec- 
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tion trip to the Cheyenne sewage treat- 
ment plant, following a paper describ- 
ing the new Cheyenne plant, by Ray 
Sherrard, Superintendent of Sewage 
Treatment, and Fred Koester, Sewage 
Plant Superintendent. 
C. E. Harness, 
Secretary-Treasurer 


MICHIGAN SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 1953 Annual Meeting of the 
Michigan Sewage and _ Industrial 
Wastes Conference was held at Michi- 
gan State College, East Lansing, 
Mich., on September 21-23, 1953. A 
total of 235 registered for the meet- 
ing, including 30 ladies. 


The following papers were presented 
at the technical sessions, as well as 
several elementary talks for new op- 
erators: 


(Continued on page 444a) 


222 West Adams Street 


LAKESIDE ENGINEERING CORPORATION 


THE 
TREBLER SAMPLER 


is a Low Cost Efficient Unit Avail- 
able for Continuous or 
Intermittent Operation. 


The’sampling scoops are designed for 
90 degree V notches and rectangular 
weirs or Parshall flumes. 


Are you acquainted with the 
advantages of Spiraflo Settling 
Tanks and Spiragesters? 


THEY HAVE NO EQUAL. 


Write for further information 


CHICAGO 6, ILLINOIS 
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These recent unretouched photos aren't 
much help, are they? 

Truthfully, you can't tell the age of an 
Armco Sewer just by looking at it. Armco 
Corrugated Metal Sewers have always 
had an outstanding record for long, eco- 
nomical and efficient service. 

But just for the record, the sewer on 
the left has been installed for 46 years; 
the other one for 36 years. 

Long life is only one advantage of 
Armco Sewer Structures. Their corrugated 
metal design provides ample strength 
for any loading condition, Long lengths 
speed up installation. Sturdy coupling 
bands assure tight joints and a continu- 
ous conduit. Choice of protective coat- 
ings and pavements helps defeat severe 


installed 


in 1907? 


corrosion and erosion. Size and capacity 
problems are easily solved within the 
wide range of sizes and types of Armco 
Sewers. And low-cost, unskilled labor 
can handle the job. 

For more data, write us. Armco Drain- 
age & Metal Products, Inc., 3733 Curtis 
Street, Middletown, Ohio. Subsidiary of 
Armco Steel Corporation. Export: The 
Armco International Corporation. 


Armco Sewer 
Structures 
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Write for your FREE COPY 


Pronounced “Tee-nee-mek—'Cement” Spelled Backwards 


135 W. 23rd Ave. 
North Kansas City, 


‘‘Public Relations from the Stand- 
point of the Sewage Works Operator,”’ 
by W. H. Wisely, Executive Secretary, 
FSIWA. 

‘*Effective Sewage Disposal through 
Integration of Sewage Collection and 
Treatment Facilities,’’ by George Sand- 
enburgh, City Engineer, and C. P. 
Witcher, Superintendent of Sewage 
Treatment, Ann Arbor. 

“*Effect of Plating Wastes on Trick- 
ling Filters,’’ by C. F. Gurnham, Head, 
Dept. of Chemical Engineering, Michi- 
gan State College. 

‘*Report on Chlorine Supplies,’’ by 
L. F. Oeming, Chief Engineer, Michi- 
gan Water Resources Commission. 
‘‘Sewage Disposal Problems in Sub- 
urban Areas,’’ by W. F. Shephard, 
Director, Division of Engineering, 
Michigan Department of Health, Lans- 
ing. 

‘**Safety Practices in Sewage Treat- 
ment,’’ by C. T. Mudgett, Superin- 
tendent, Muskegon. 

‘‘The Operator’s Library,’’ by M. 8S. 
Richmond, Sanitary Engineer, Michi- 
gan Department of Health. 

‘‘Industrial Waste Treatment at 
Trenton, Mich., Chrysler Plant,’’ by 
Austin Beebe, Chrysler Corp. 

‘‘Development and Operation of a 
Chromic Acid Recovery System,’’ by 
M. S. Morrison, Illinois Water Treat- 
ment Co., and Robert Brink, Standard 
Research Dept., Buick Motor Div., 
General Motors Corp. 

‘Waste Disposal by Return Wells,’’ 
by J. Adinoff, Salvage Engineer, 
Parke-Davis and Co., and M. E. Austin. 

*‘Disposal of Cannery Wastes by 
Spray Irrigation,’’ by Walter Hicks, 
Michigan Fruit Canners, Ine., and 
Max Dietz, Research Dept., Gerber 
Products Co. 

**Design and Operation of the Lans- 
ing Sewage Treatment Works,’’ by S. 
D. Porter, Consulting Engineer, and 
George F. Wyllie, Superintendent. 


Inspection trips were made to the 


(Continued on page 446a) 
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CLAY PIPE 


There’s no safe substitute for produced by decaying waste from 
Vitrified Clay Pipe. Ie resists cor- garbage disposal units. Clay Pipe 
rosion from the acid gases that is guaranteed for 50 years. 


rise out of sewage waste. Gases 
actually do more damage than 
waste liquid. But sewer gases do 
not affect Clay Pipe. 


Clay Pipe is also completely safe 
from acid liquids, strong deter- 
gents, or the corrosive substances 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1520 18th St. N. W., Washington 6, D. C. 
206 Connally Bldg., Atlanta 3, Ga. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 
703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 


ESSENTIAL ECONOMICAL EVERLASTING 


C-1053-1A 


Wtrified 
‘CLAY 
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SEWAGE 


Lansing and East Lansing sewage 
treatment plants. 
Officers elected to serve during 


1953-54 were: 


President: K. Fishbeck, Lansing. 

1st Vice-President: J. C. Marshall, 
Charlevoix. 

2nd Vice-President: F. B. Frost, Lans- 
ing. 

Secretary-Treasurer: 
Lansing. 


D. M. 


Pierce, 


DonaLpD M. Prerce, 
Secretary-Treasurer 


MARYLAND-DELAWARE 
WATER AND SEWERAGE 
ASSOCIATION 


The 26th Annual Conference of the 
Maryland-Delaware Water and Sew- 
erage Association, was held at the 
Commander Hotel, Ocean City, Md., 
on May 21-22, 1953. A total of 150 
persons registered for the meeting. 

The technical sessions featured the 
following papers: 


** Abandoning Old and Starting New 
Water Filtration Plant,’’ by Robert E. 
Greenshields, Springfield State Hos- 
pital. 

**Cleaning Well Screens, 
R. Caplan, Calgon, Ine. 

‘Diatomaceous Earth Filters for 
Swimming Pools,’’ by William H. 
Cary, Jr., Director, Bureau of Pub- 


by Louis 


lic Health Engineering, Washington, 
D. C. 
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‘*Characteristics of Poultry Packing 
Wastes,’’ by A. Joel Kaplovsky, Super- 
vising Engineer, Water Pollution Com- 
mission, Dover, Del. 

‘‘Sewage Pumping Stations on Wa- 
ter Supply Reservoirs,’’ by William 
I’. Neale, Whitman Requardt and As- 
sociates, Baltimore, Md. 

‘*Storm-Water Inlets—Rainfall and 
Runoff,’’ by Bernard F. Suwall, Prin- 
cipal Associate Engineer, Baltimore, 
Md. 

‘‘Regulations to Control Environ- 
mental Sanitation,’’ by Robert M. 
3rown, State Department of Health, 
Baltimore, Md. 

Authority Law Operation for Wa- 
ter Supply and Sewerage,’’ by Clark 
Gardner, Gardner and Sterling, Salis- 
bury, Md. 

‘‘Design and Operation of the Salis- 
bury Incinerator,’’ by Percy Sterling, 
Gardner and Sterling, and Philip C. 
Cooper, City Engineer, Salisbury, Md. 


Officers elected to serve during 
1953-54 were: 
President: R. H. Ritter, Baltimore, 
Md. 
1st Vice-President: E. F. Donaldson, 


Annapolis, Md. 
2nd Vice-President: R. L. Nichols, Fort 
Meade, Md. 
Secretary-Treasurer: W. 
3altimore, Md. 


M. Bingley, 


W. McLean BINGLey, 
Secretary-Treasurer 


WITHOUT CAPITAL COST! 


WHAT IS IT? 


natural biological action. 
WHAT DOES IT DO? 


odor control, i ge di 


INTERNATIONAL ACCEPTANCE: 
@ BIONETIC is successfully used by hundreds of 


Fist At to Waste 
INCREASE SEWAGE PLANT CAPACITY 


iso powder of preserved beneficial groups of 


© BIONETIC can save money on sewage plant problems includi 
slud: 9 capacity, and scum control. 


For FREE Literature Write: 
A. J. Krell, technical director 


CORPORATION 


industries, resorts and institutions. 


P. 0. Box 6724 Houston 5, Texas (atam 
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| 0,000 Tons of Filter Cake per Day 


... the capacity of ais 


RAYMOND SYSTEMS 


of Flash Drying and Incineration 


The most widely used heat method of sewage 
sludge disposal is the C-E Raymond System 
of Flash Drying and Incineration. Total daily 
capacity of C-E Raymond Systems installed, 
under construction or on order is more than 
10,000 tons of filter cake, based on 24-hour 
operation... 


This is nearly 50% more than the 
total of all other heat methods. 


One important reason for this marked prefer- 


ence for the C-E Raymond System is that it is 
the most widely proven method that permits C-E Raymond Systems installed, under 
the flash drying of sludge to a saleable fer- construction or on order since 1945 
tilizer or its incineration to a sterile ash... in 
either case with the deodorization of stack Installation Consulting Engineer 
gases if desired. No other method offers this Baltimore, Md. Whitmen, Requerds & Associates 
practical flexibility. Bethlehem, Pa. Morris Knowles 
Another reason is that the C-E Raymond Bloomsburg, Pa. Gannet, Fleming, Corddry & 
System has been service-proved in actual use Carpenter 
in communities of every size—ranging in equiv- 
alent populations from 6,000 to 3,600,000... Ill, City Ensinesring Dept. 
and located in all parts of the country from We. 
coast to coast. ee a P Galveston, Texas Joe J. Rady & Co. ty 
Like the communities listed at the right, Teuns Greciey and Hansen 
you, too, can plan to end your sludge disposal Lansing, Mich. Drury, McNamee and Porter : 
problems by the proven C-E Raymond System. Los Angeles, Cal. Metcalf and Eddy E 
For full information, just get in touch with Miami, Fla. Metcalf and Eddy a 
the C-E Raymond office nearest you. A C-E Sen Biege, Cal. Frank: Carsto 
specialist will be glad to help you. B-695A Sen Frencisce, Cal. = Ciyde C. Kennedy 
Schenectady, N. Y. Havens and Emerson 
Sheboygan, Wis. Jerry Donohue Engrg. Co. 
Washington, D. C. Greeley and Hansen 
Waterbury, Conn. Malcolm Pirnie 
Wyomissing Valley, Po. Albright & Friel 
York, Po. Albright & Friel 


COMBUSTION ENGINEERING, INC. 


RAYMOND DIVISION: 1315 North Branch Street, Chicago 22, Illinois 
Western Office: 510 W. Sixth St., Los Angeles 14, Cal. © Eastern Office: 200 Madison Ave., N. Y. 16, N. Y. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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SEND FOR MANUAL 149—MODERN 
PROCESSES AND EQUIPMENT FOR 
SEWAGE AND INDUSTRIAL WASTE 
TREATMENT 


BIO-ACTIVATION — exclusive system 
combines best qualities of trickling filter 
and activated sludge. Bulletin 259A. 
MECHANICALLY CLEANED 
SCREENS—with intermittent automatic 
control. Technical Supplement-MS-Com- 
plete Design Data. 

GRIT CHANNELS — exclusive Camp 
Chamber design and Regulator permit 
easy and instant variations in velocity. 
Technical Supplement-CR-Complete De- 
sign Data. 

GRIT SETTLERS—with conveyor and 
exclusive Hydrowash unit which removes 
grease and organic matter from grit. 
Bulletin 249. 

GREASE FLOTATION UNIT—re- 
moves grease and oils, oxidizes odors, 
and aerates by exclusive pretreatment 
method. Bulletin 260A. 

SLUDGE COLLECTORS—for rectan- 
gular and circular tanks .. . flight type 
and helicoid cross conveyors, sludge 
valves. Bulletin 253A. 
AERATORS—downflow mechanical air 
diffusion type provides thorough and ad- 
justable oxygenation and circulation of 
iquor. Bulletin 265. 

JET AERATION —exclusive method 
produces an unprecedented rate of 
one absorption. Technical data avail- 
able. 


ROTARY DISTRIBUTORS — reaction 
and positive drive types with exclusive 
trouble-free oil seal. Technical Supple- 
ment-RD. 

DOWNFLO FLOCCULATION UNIT 
—for slow mixing and flocculation of 
chemicals in sewage treatment processes. 
Bulletin 266. 


Send for instructive bulletins listed above 


COMPLETE LINE... 


Including many Exclusive Developments 


Many years of close collaboration in the engineering of 
municipal and industrial waste treatment plants have en- 
abled us to develop a complete line of installation- 
tested equipment. Our staff of Sanitary Engineers is 
exceptionally well qualified to cooperate with consulting 
and operaring engineers in suggesting the process of 
treatment and type of equipment best suited to individual 
needs. 


SEWAGE AND SLUDGE PUMPS Type 5100 Sewage Pump 


American sewage and sludge 
pumps are unusually strong and 
rugged in construction. Gener- 
ous shaft diameter, sturdy bear- 
ings, proper bearing span, finest 
materials, extra metal, careful 
inspection and testing. Send for 
Bulletins. 


Inquiries on new installations or improvements on 


existing plants will receive prompt attention 


AMERICANWELL WORKS 


~ 


1m OUR 85TH YEAR Pumping, Sewoge Treatment, and 

110 North Broadway Water Purification Equipment 
AURORA, ILLINOIS ~e RESEARCH - ENGINEERING - MANUFACTURING 
‘Offices: Mew York Cleveland Cincinnati Kansas City Soles Representatives throughout the World 
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You “GIVE THE GATE” to Excessive Costs 
...when you install 


Standard 
SLUICE 
GATES 


Here's why Chapman means 
top protection against 
excessive Costs: 

First, Chapman’s standard 
line of sluice gates includes 
many types and sizes that 
would be specials in anyone 
else’s catalog. Next, 
installation is quick and easy 
because stems and couplings 
don’t have to be match- 
marked. And any servicing 
or repairs can be done on 
the job, at minimum expense. 
These 3 important savings 
tell you why Chapman 
Standard Sluice Gates rate 
first with well-managed 
waterworks, sewage works 
and flood control projects 
all over the country. 

Write for Catalog today, 


and here's still 
another saving: 


Motor 

: 

and there's your 


operating control, ‘ be INDIAN ORCHARD, MASSACHUSETTS 


all ready to 
go to work. 
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DIRECTORY OF ENGINEERS 


(Continued through page 455a) 


ALBRIGHT & FRIEL, INC. 

FRANCIS S. FRIEL ALVORD, BURDICK & HOWSON 
Consulting Engineers Engineers 

WATER, yg AND INDUSTRIAL Charles B. Burdick Louis B. Howson 


ASTE PROBLEMS 
AIRFIELDS, REFUSE, INCINERATORS 


TRIAL BUILDINGS Water Works, Water 
VALUATIONS Flood Relief, Sewerage, a 
ORATORY Disposal, Drainage, pm... 
Power Generation 


PHILADELPHIA 7 Civic Opera Building Chicago 


JOHN J. BAFFA MICHAEL BAKER, JR., Inc. 


The Baker Engineers 
Consulting Engineer Civil Engineers, Planners, and Surveyors 


Sewerage & Sewage Treatment Municipal Engineere— Airport rot 
Industrial Wastes Treatment Systeme— Water Works no thes 

Design Plans & Specifications and Planns 
Investigations & Rate Studies Pipe L ine 


75 West Street New York 6, N. Y. erent 


BAXTER AND WOODMAN W. HH. & L. D. BETZ 
Civil and Sanitary Engineers Consulting Engineers 


Water Supplies Water Treatment Industrial Waste 
Sewer Systems Sewage Treatment Industrial Water 
Industrial Waste Treatment Analysis 
Investigations Investigations 


P. 0. Box 67 Crystal Lake, Illinois Gillingham & Worth Sts. 


BLACK & VEATCH 


Consulting Engineers 
SEWAGE - WaTER ELECTRICITY - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES CONSULTING ENGINEERS! 


a Saeare If you specialize in sewage and indus 

MM. trial waste disposal problems, prospec- 
DonaLD M. Ditmars ARTHUR P. ACKERMAN tive clients will expect to find your card 
Water end Werke in the Directory of Engineers contained 

Refuse Disposal Industrial Wastes in the... 

Drainage Flood Control Official Professional Journal of the 
624 Madison Ave., New York 22, N. Y. Sewage and Industrial Wastes Field! 


Take advantage of the services of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 
Engineers 


Sewerage—Sewage Treatment 
Water 
Refuse —An 


Municipal ndustrial Projecta 
Valuations—Reporte— 


110 William Street New 


BROWN AND BLAUVELT 


Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 


468 Fourth Avenue New York 16, N. ¥. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 

aluations and Reports 
Chemica! and Biological Laboratories 
112 East 19th Street New York 3, N. Y. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 

wage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports unicipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 E. 9th St. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and 
Design and Supervision 


Research and Development 
Flood Control 
6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and 
Sewage and Industrial Waste Treatment 
Power Gas Systems 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phoae 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 
Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


Don’t be sixth... 


to send in your professional card for 
listing in IRECTORY OF 
ENGINEERS. There are just five 
more available spaces remaining for 
card listing among these outstanding 
specialists. 


It pays to secure competent and experienced engineering advice! 


ae 
Consulting Engineers 
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Damon & Foster FREDERICK H. DECHANT 


ENGINEER 
Consulting Coil Engeneera and 


Surveyors Chairman of the Board, Frederic R. Harris Inc. 
Sewerage, Sewage Disposal, Water Su ply. = an 


Surveys, Land Subdivision, City and 
Planning, Reports, Design, 


Sharon Hill, Pennsylvania 


Hydraulic Works, Gas Plante 


Philadeiphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY DODGE, BLISS and WALKER 


Sepply 
allroads ghways hemical Engineers 
Grade Separation—Bridges—Subways 
Local Transportation Specialists in Waste Treatment 
Surveys and Investigations 

Investigations — Reports — Appraisals Research and Development 

Plans and Supervision of Construction Design of Treatment Plants 
150 North Wacker Drive Chicago 6 
505 Colorado Bldg. Washington 5 108 Middle Road Hamden, Connecticut 


CATHODIC PROTECTION —— should be 
isted here 


. the most complete Directory 


Engineering—Surveys—Design— 


ineteRiattons available of consultants specializ- 
: Electro Rust-Proofing Corp. (N.J.) ing in sewage and industrial wastes 
Belleville 9, New Jersey treatment. 


FAY, SPOFFORD & THORNDIKE FINKBEINER, PETTIS & STROUT 


CHARLES M. SporrorD W. Careton S. Finxpetner E. Pettis 

— HYLAaND Haron K. Strovt 
1on A. BowMAN RANK L. LINCOLN A 2 

CARROLL A. FARWELL Howarp J. WILLIAMS Consulting Engineers 
Water Supply and Distribution—Drainage Reports, Designs, Supervision, 
Sewerage 9 | Sewage Treatment—Alrports Water Supply, Water Treatment, Sewerage, 

Sewage Treatment, Wastes Treatment, 

Investigations and Reports Design Valuations & Appraisals 
Supervision of Construction Valuations : 
Besten New York 518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NCHOLS AND TuRNER | | FROMIERZ, ENGINEERS 


Four Generations Since 1867 


Consulting Engineers 
Water Supply: Sewerage; Structures; 
2111 National Standard Building Drainage; Foundations 
Houston 2, Texas Investigations; Reports; Plans and 
Specifications; Supervision 
CH-1624 


823 1/2 Poydras St. New Orleans, La. 


D FULTON GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Investigations, Reports, Valuations, De- Dams, Water Works, Sewage, Industrial Wastes & Gar- 
sign and Construct on—Water Supply and bage Disposal, Highways, Bridges & Airports, Traffic & 
age Treatment Works; Municipal Paving 
and Power Developments; ams and HARRISBURG, PENNA. 
Flood Control Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 

3209 Brown Road Saint Louis 14, Missouri ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 


| FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washington 
Houston BEADING, PA.  pitiadeiphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Su upply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 
Samue A. Greeley Paul Hansen (1920-1944) 
Paul E. Kenseth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 8S. State Street, Chicago 4 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in i Directory of Engineers contained 
m the... 


Official Professional Journal %. the 
Sewage and Industrial Wastes Field! 


JOHN J. HARTE CO. 
Engineers — Architects 


284 Techwood Drive, N. W. 
Atlanta, Georgia 


HAVENS AND EMERSON 


W. L. Havens C. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
W.L. Leach H.H. Moseley J. W. Avery 

Consulting Engineers 
Water, SEweraGE, GARBAGE, INDUSTRIAL 
Wastes, VaLUATIONS—LaBORATORIES 


Leader Bidg. Woolworth Bidg. 
Cleveland 14, 0. New York 7, N. ¥. 


HAZEN AND SAWYER 


ENGINEERS 
Ricaarp Hazen Atrnep W. Sawren 
Municipal and Industrial Water Supply 


Purification and Distribution 
Sewage Works and Waste Disposal 


Investigations, Design, 
Supervision of Construction and Operation 
110 Bast 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, 
Treatment, Reports, Flood Control, Apprai 
Drainage 
Standard Ol! Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
W. W. Horner E. 
H. SHrrRin . C. LiscHER 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Mngineering 
— Reports 
Shell Building, St. Louls 8, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
Consulting Chemists — Eacteriologists 
Analysee—W ater, Sewage, Industrial Waste 
Research Litigations 
915-917 N. Second St. Harrisburg, Pa. 


JONES, HENRY & WILLIAMS 
(Formerly Jones, Henry & Schoonmaker) 


Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
fi 
jpoeal and Incineration, Industrial 
Buildings 
TROY, N. Y. FT. LAUDERDALE, FLA. 


It pays to secure competent and experienced engineering advice! 
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ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 


Investigations, 
Supervision of Construction and 


Reports, 


Design, 


Operation 


Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 


age and 
Laboratory, City 


1312 Park Bidg. 


ewage Disposal, Valuations, 


Planning. 


Pittsburgh 22, Pa. 


10 Gibbs Street 


Wm. S. Lozier Co. 
Consulting Engineers 

Sewerage, Sewage Disposal, 

Water Supply, Water Puri- 
fication, Refuse Disposal 


Rochester 4, N. Y. 


GEORGE B. 


MEBUS 


Consulting Engineer 


Water Supply 


Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Water, 


Laboratory 


Sewage, 


METCALF & EDDY 
Engineers 


Drainage, 
Industrial Wastes Problems 


Refuse and 


Valuations 


Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke 


& Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 


INDUSTRIAL WASTE 


TREATMENT 


APPRAISALS 
327 Franklin St., Buffalo, N. Y. 


500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF 
HALL @ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste V’roblems. 


Structures — 


51 Broadway 


Power 


— Transportation 


New York 6, N.Y. 


BOYD E. PHELPS, INC. 


Architects and Engineers 


Water Supply and 


Purification 


Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 


Reports, Appraisals, 


Rate Studies 


Indianapolis and Michigan City, Indiana 


WM. M. PIATT 


C le D 


PIATT AND DAVIS 


P. D. DAVIS 


ing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrical Distribution 
Reporte and Appraisals 


One Eleven Corcoran St. Bidg. 


Durham, N. C. 


MALCOLM PIRNIE 


ENGINEERS 


Civil and Sanitary Engineers 


Malcolm Pirnie 
Robert D. Mitchell 


Ernest W. Whitlock 
Carl A. Arenander 


Malcolm Pirnie, Jr 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 


Appraisals and Ra’ 


25 West 43rd Street 


tes 
New York 36, N.Y. 


age 


36 De Grasse St. 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 

osal; Industrial Wastes; Investigations 

Reports; Design; Supervision of 
& Operation 


Analytical Laboratories 


Paterson 1, N. J. 


Consulting Engineers 


THOMAS M. RIDDICK 


and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. 


New York 55, N.Y. 


Take advantage of the services of 


these outstanding consultants! 
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RIPPLE AND HOWE 
RUSSELL AND AXON 
O. J. Rrvus B. V. Hows Consulting Engineers 
Civil — Sanitary — Structural 
Water Works Systems, Filtration and Softening Industrial — Electrical 
Plants, Reservoirs and Dams, Sentery ead Rate Investigations 
_ Disposal, Airports. 408 Olive St., Municipal Airport 
833-35 Twenty-Third St. Denver 5, Colorado St. Louls 2, Mo. Daytona Beach, Fi 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage—Waterworks 
Lrainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Is. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—lIndustrial Buildings 
Studiee—Surveys—Reports 
8. High 8t. Columbus 15, Ohio 


WARNER ENGINEERING CO. 
Engineers 


Consultation—Design— Detailing 
Structural—Mechanical— Hydraulic 
Industrial Piping and Sewerage Systems 
Industrial Waste and Sanitary Problems 


411 Broadway Building Lorain, Ohio 


J. STEPHEN waren Ss 
J. 8. Watkins . R. 
CONSULTING suoimpens 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage ron Sewage 
Treatment, Highways and Structures, Reporte, 
Investigations and Rate Structures. 
261 East High » Kentucky 
ranc 


901 Hoffman Bullding Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


a! Industrial Waste Treatment 
am Pollution Studies 


Bact. Laboratory Service 
441 North 2nd St. Reading, Pa. 


WESTCOTT & MAPES, Inc. 
Engineers 


VALUATIONS—STUDIES—REPORTS 
DESIGN—SUPERVISION 


Industrial Waste Problems 
Utilities—Industrial Plants 
Commercial Buildings—Institutions 
Public Works 


New Haven, Connecticut 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, 


astes Treatment 
Stream Pollution Studies 
Supervision, Valuation 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development = Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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‘DO YOU REALIZE ? 


CLEANS 
50 
BLOCKS 
OF 


SEWERS 
PER WEEK! 


—ls a mechanical marvel 
that does all rodding with 
two men -— eliminating 
9/10ths of the usual hard 
labor in a day’s work. It’s 
increased, low cost capa- 
city permits ‘‘preventa- 
tive maintenance’’ to be 
carried on inexpensively 
—and eliminates costly 
emergency work. Rod 
reel contains 900 feet of 
rods for instant use. Im- 
parts a rotating action to 
rods and tools. Truck 
*This figure includes mount models also avail- 


At a Cost 
of 
Less Than 


maintenance and 
parts replacement. 


WRITE 


today 
“) SEWER-ROD EQUIPMENT CO. 
9059 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N. J. 29 Cerdan Avenue — Roslindale 31, Mass. 

P. 0. Box 465 — Memphis, Tennessee 801 E. Excelsior Blvd. — Hopkins, Minn. 

1115 Delaware Ave. — Fort Pierce, Fla. 3786 Durange St. — Los Angeles 34, Calif. 

141 W. Jackson Blvd. — Chicago, Ill. 4455 S.E. 24th Street — Portland, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. 351 West Jefferson Blvd. — Dallas, Texas 
Francis Hankin — Montreal & Toronto, Canada 


MERICA’S LARGEST MANUFACTURER 
PIPE CLEANING TOOLS AND EQUIPMER 
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INDEX TO ADVERTISERS 


American Cer and F 
American Well Wothe 


Chapman Valve Manufacturing Company 
Combustion Engineering, Incorporated (Flash (Flash Dryer Division) 
Flexible Sewer-Rod Equipment Compesy (Procem Es es. 
General Ametican Transportation Corporation Process Equipment Division) S218 
General Electric Company 
Lakeside Engineering Cotperation 
Lock Joint Pipe Company: . 
National Clay Pipe Manufacturers, Incorporated 
Rockwell Manufacturing (Nordstrom Valve 
Tremec Company, Incorporated 
United States Pipe and Foundry 


DIRECTORY OF ENGINEERS, pp. 450a-45Sa 


Finkbelaes, Pettis & Strout Stiison, Alden E., & Associates 

Freese, Nichols & Turner Warner Engineering 

Fromherz, Engineers J. Stephen 

Fulton, Edward A, Wertz Engineering 

Gannett & Carpenter, Ine. Westcott and Mapes, Inc. 

Weston & Sampson ‘ 
Whitman & Howard 

Greckes & Hansen Whitman, Requard?, & Associates. 


PATRONIZE OUR ADVERTISERS—whose support shakes possible the pub- 
lication of this journal, When writing advertisers be sure to mention nae 
ee AND INDUSTRIAL WASTES. 


atte 

$4 Walker Process Equipment, Incorporat + sean 
Wallace and Tiernan Compamy, Incorporated 4388, Rack cover 
cOmans 
Albright & Friel, Inc. Harte, Joba J., Company 
a, a Jj. jazen 
Baker, Michael Je., Inc. Durham & Richardsoa, Inc, 
Betz, W. H. & LD, ston, Robert & Associztes 
Black & Veatch Jones, Heary & ; ~ 
Bogert, Clinton Associates eis & Holroyd 
Bowe, Albertson & Associates Kennedy, Clyde 
Buck, Seifert & Jost Loz'er, Wm. S., Company 
Camp, Dresser & McKee Nussbaumer, Clarke & Velzy, Inc. OE 
Chester Engineers, Phelps, Boyd £., Inc. 
Cole, Chas. & Son Piatt & Davis 
Consoer, Townsend & Associates Pirnie, Malcolm, Engineers 
Damon & Foster «Purcell, Lee T. 
uw, Cat Company owe 
Dodge, Bliss & Walker Russell & Axon Nghe 
Electro Rust-Preofing Corp. CN. J.) Smith & Gillespie 

a 
LANCASTER PRESS, INC., LANCASTER, PA. 


if Stop it at the source. Stop it by disinfecting 
ay sewage plant effluent with chlorination by 
Wallace & Tiernan — often the most practical 
means of protecting streams, game fish 
and recreational areas. 

W&T Chlorinators with operating ranges from .03 to 6000 
pounds of chlorine per 24 hours are available to help you control 
both the bacteriological and the high B.O.D. load imposed on 
a receiving stream. Controls for manual, semi-automatic and 
fully automatic chlorinator operation provide flexibility to meet 
any particular problem. 

In addition, W&T Chlorinators can satisfactorily reduce 
hydrogen sulfide odors in sewage trunk lines and at the plant, 
maintain a fresher non-septic influent, improve sedimentation, 
minimize sludge bulking and spray nozzle clogging and, also, 
remove algae to prevent filter ponding. 

Write for additional information about the chlorinators 
which can make your plant more effective and help you strike 


at the source of stream pollution. There is no obligation. 8-87 
WALLACE & TIERNAN” 


COMPANY INC: 


MAIN ST. BELLEVILLE: 9..N. 
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